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The  Weapon  System  - A 90mm  BAT  weapon  system  is  being  manufactur ed.  The 
ONTOS  mount  and  remote  control  firing  system,  rr.anufac tured  by  Firestone,  has 
been  delivered  to  Aberdeen  Proving  Ground  and  is  being  tested. 

T119  Projectile  - Spin  rate  data  for  T119  projectiles,  reported  in  the  Thirty-Fifth 
Progress  Report,  have  been  reduced  and  an  equation  of  roll  is  developed. 

Two  experiments  concerned  with  increasing  the  initial  spin  rate  of  the  T119E11 
projectile  in  order  to  improve  stability  during  the  initial  part  of  the  trajectory,  are 
reported.  In  one  study  rubber  obturating  rings  were  used  and  in  the  other  study 
gilding  metal  rotating  bands  were  used.  Test  arrangements  and  resulting  data  are 
reported. 

Twenty  T119E11  projectiles,  prepared  and  assembled  so  as  to  represent  extremes 
(loose  or  tight)  in  clearance  between  certain  components  of  the  tail  assembly,  were 
tested  for  mechanical  functioning  and  accuracy.  The  test  conditions  are  charted 
and  illustr  <x  tc  d and  the  data  discussed. 

A tail  assembly,  .475  in.  shorter  than  the  standard  tail  assembly  (fin  length  re- 
maining the  same),were  fired  for  accuracy  tests.  The  data.  are  presented. 

T171  Projectile  - Two  modifications  of  the  T171  projectile  were  fired  for  accuracy 
and  flight  evaluation  at  Erie  Ordnance  Depot.  The  test  results  are  given. 

Using  the  Siacci  theory  and  experimental  data,  ballistic  coefficients  for  four  T171 
configurations  were  determined.  The  form  factor,  dr-'g  coefficient,  terminal  velo- 
city, time  of  flight  and  elevation  were  found  for  various  ranges  and  muzzle  velo- 
cities for  the  four  configurations.  The  results  are  analyzed. 

Penetration  Studies  - Two  separate  but  related  scaling  studies  of  penetration  have 
been  completed.  The  first  part  of  the  study  was  reported  previously  and  the  second 
portion  is  described  here  and  the  data  from  both  .studies  are  summarized. 

Tests  were  conducted  concerning  spin  rate  behavior  of  DRB398  cones  at  high  spin 
rates, penetration  behavior  of  zinc  alloy  (Zamak  3)  cones,  effect  of  tee  configuration 
on  penetration.  Data  for  the  tests  are  presented. 

Ten  M344  (T119E11)  prototype  projectiles  were  withdrawn  from  production  and 
modified  for  static  penetration  tests.  The  test  data  are  given. 

Fuzes  - Functioning  tests  were  conducted  with  T267E14  base  elements  and  with  T223 
E2  fuzes.  The  test  data  are  presented. 

Manufacturing  Summary  - A summary  of  rifles,  mounts  and  projectiles  manufactured 
by  Firestone  under  the  subject  contracts  is  given. 
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THE  WEAPON  SYSTEM 
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Ultimate  BAT  System 

The  90mm  ultimate  BAT  weapon  system, 
illustrated  and  discussed  in  the  Thirty  - 
Sixth  Progress  Report,  is  being  manu- 
factured, The  rifle  will  be  mounted  on 
the  T152E7  aluminum  meant  for  prelimi- 
nary tests.  A mount  and  tripod  for  the 
90mm  weapon  is  being  designed. 


ONTOS  Mount  and  Firing  System 

The  mount  and  remote  control  firing 
system  for  the  ONTOS  vehicle,  developed 
by  this  division  and  illustrated  in  the  Thir- 
ty-Sixth Progress  Report,  was  delivered 
to  Aberdeen  Proving  Ground  during  August. 
There  was  some  delay  in  getting  the  sys- 
tem mounted  on  a vehicle  and  no  test  firing 
was  done  until  the  last  week  in  August. 
Test  results  are  incomplete  at  this  time 
and  will  be  reported  later. 


0 


Future  Program 


1.  Continue  the  manufacture  of  the 
90mm  ultimate  BAT  rifle. 

2.  Complete  the  preliminary  design 
of  a 90mm  mount. 


3.  Investigate  designs  for  improved 
firing  effort  on  BAT  rifles. 

4.  Continue  tests  of  ONTOS  firing 
system. 
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Derivation  of  Roll  Motion  Equation 
From  Experimental  Data 

The  Thirty-Fifth  Progress  Report  pre- 
sented spin  data  for  five  rounds  of  T119E11 
projectiles.  These  data  have  been  reduced 
(using  a method  suggested  by  Bolz  and 
Nicolaides  in  BRL  Report  No.  711)  and  an 
equation  of  roll  for  the  T119E11  projectile 
has  been  derived. 

The  dynamical  equation  of  roll  is 

<p‘  - s - c,  Ae'ClZ  (i) 

where  Z = distance  down  range  (ft) 

<fi  = rate  of  roll  (deg/ft) 

S = steady  state  rolling 
v * oc  i ty~  ( de  g / ft ) 

C,=  damping  constant 

A = arbitrary  constant . 

Since  S,  C,  and  A may  be  determined 
experimentally  it  is  not  difficult  to  es- 
tablish a relationship  between  spin  rate 
and  distance  throughout  the  entire  tra- 
jectory of  a projectile. 

The  experimental  data  for  one  pro- 
jectile, X368  (Thirty-Fifth  Progress  Re- 
port), are  used  in  this  study.  A plot  of 
rotation  versus  range  is  presented  in  Fig. 
1.  In  plotting  the  curve  of  Fig.  1 an  ar- 
bitrary figure  (329)  was  subtracted  from 
each  of  the  measured  angles  to  insure 
that  the  curve,  when  extrapolated  back 
to  the  muzzle,  could  be  contained  in  the 
graph.  From  this  plot  a table  of  values 
for  (f>  is  determined  by  computing  & $ 

AIT 

in  intervals  of  20  ft.  The  resulting  values 
are  given  in  Table  I and  a graph  of  (f)  (rate 
of  roll)  versus  2 (distance  from  gun)  ap- 
pears in  Fig.  2. 


Determination  of  S 

An  initial  value  of  S,  denoted  Sc  , may 
be  calculated  from  the  graph  of  (ft  versus 
Z by  the  relation 

S0  - <j>,'  A (2) 

l -z 

I A <Pn  -C.AZ 

LOn  ere.  ■ jP  = Q,  = Constant. 

A table  of  data  to  establish  this  constant 
ratio  is. 


The  ratio,  therefore,  is  .600  = .6122. 

.980 

Values  of  A0  for  distances  greater  than 
the  length  of  the  measured  range  are  ex- 
trapolated and  are  tabulated  below: 


z 

0 

At 

0 

0.290 

0.980 

ISO 

1. 270 

C.  600 

300 

1.870 

0.  367 

4S0 

0.224 

600 

0.137 

750 

0.084 

900 

0.051 

10  SO 

0.031 

1200 

0.019 

1 3S0 

0.012 

1S00 

0.007 

1650 

0.004 

1800 

0.002 

1950 

0.001 

2100 

From  the  above  table 

l5 

0,  £2  vi = z 8oq  * • 

t-  2. 
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uq  nol  Opto  in  Table  Below 

|f!ard  T5is1onc«]^ng]e 
No  from  of  * 

^ Murzle  Roll 

1 301  349*  : 

2 60'  367  * 

3 70  8 376° 

4 81  384° 

6 HO.  T 410* 

6 121  4 422  * 

7 1306'  432  * 

8 1574'  465  * 

9 2887' I 663° 

Measured  clockwise  from 
kon*  reference  ime 
Plotted  points  obtained 
by  Subtroctmg  329* 
from  the  voltes  given 
•n  Angle  of  Roll  above 


...I....:...;...:.....;.  .;. 


"T'T’:.  |i: 


j | rp»s«onc<  l tit)]  J , . | | 

'EH  GFH  QIcD  rsbol  r^Ql  mu  fizol 


Fig.  i.  Roll  Angle  Versus  Distance  From  Gun 
TII9EII  Projactile  No.  X36I. 


Table  I t 
Values  of  if) 

Determined  From  Experimental  Roll  Data 
T119E11  Projectile  No.  X368 
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Fig.  2. 


Rate  of  Roll  Versus  Distance  From  Gun. 
TII9EII  Proi.clil.  No.  X361 


where  C,o  is  an  initial  value  of  C,  .A 
logarithmic  plot  of  (S„  — 0)  versus  Z is 
given  in  Fig.  3.  It  can  be  seen  that  the 
slope  of  the  straight  line  is-C,o;  thus, 


_ /n35iq-in.<!3‘l  _ 


- .002870  . 


Fig.  3.  ( Sg£ — 0)  Versus  Distance. 

(Logarithmic  Plot.) 


(6£j  QpQj 


rp=£»0*<ca  i (»nj  ; 

fT?0)  • Zfg)  QjbO]  (TeoJ  [fopj  fU'o)  . , {Tso}  [isol  [3 qg] 


Determination  of  C , 


Equation  (l)  may  be  written  in  the  form 

Hn  (S0~  <P  ) -in  (C,oA)  - C,0  Z f (3) 
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Determination  of  A 


These  parameters  can  be  determined 
more  precisely  by  the  method  of  "Dif- 
ferential Corrections",  but  for  the  ap- 
proximation sought  here  it  is  sufficient 
to  use  initial  values.  Table  II  is  a table 
of  values  for  equation  (4)  >n  vrnich  (/>  is 
converted  to  revolutions  per  second.  Fig. 
4 is  a graph  of  (f)  (rps)  versus  £ for  the 
entire  range. 


A set  of  boundary  conditions  for  (1) 

Z = 0 , S = Sc  , C(=C,  , 0'  = 0 and 


Thus 


The  magnitude  of  spin,  as  here  found, 
appears  reasonable  when  compared  with 
spin  measurements  of  the  T1I9E11  pro- 
jectile as  reported  by  Frankford  Arsenal 
in  Report  No.  R-1086. 


Roll  Motion  Equation 


The  roll  motion  equation  with  initial 
values  for  S,  C and  A is 


Table  II 

Projectile  Spin  (rps) 

Determined  From  Roll  Motion  equation 


•j  ( It /sec) 


I t-HS 
1667 

I 6 18 

I <3** 


600 
U00 
1600 
.MOO 
10  00 


Fig.  4.  Rolling  Velocity  Versus  Distance  From  Sun, 

Calculated  from  Roll  Equation  For  TII9E1I  Project'll*. 
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Studies  of  Launching  Conditions  In  contemplating  higher  spin  rates  the 

(increasing  initial  Spin  Rate)  degrading  effect  of  spin  on  penetration 

must  be  considered.  It  ean  be  shown  that 
Spin  measurement  data  for  the  T119EH  a large  initial  spin  will  damp  out  quiekly 

projectile,  described  in  the  preceding  by  applying  the  differential  equations 

section  of  this  report,  indicate  that  the  of  motion  to  an  initial  spin  rate  of  40  rps. 

projectile  emerges  from  the  muzzle  with  Fig,  5 shows  that  even  this  high  spin  rate 

a spin  rate  of  one  or  two  revolutions  per  will  damp  out  at  400  ft  to  slightly  Las 

seeond.  It  has  been  observed  in  flight  than  22  rps,  which  would  not  cause  a pro- 
photographs that  the  fins  of  the  T119E11  hibitivc  degradation  in  penetration, 

projectile  do  not  open  fully  until  the  pro- 
jectile has  traveled  five  to  seven  feet  Rubber  Obturating  Rings 
from  the  muzzle.  (Thirty -Sixth  Progress 

Report).  It  is  possible  that  the  projectile  A simple  method  to  increase  the  muzzle 

is  sensitive  to  perturbations  in  this  in-  spin  rate  of  a projectile  is  to  place  on  the 

terval  before  the  canted  fins  begin  to  in-  projeetile  a plastic  or  rubber  type  rotating 

duce  stabilizing  spin.  or  obturating  band  whieh  would  slip  or 

grind  away  sufficiently  to  give  a reasonable 
Increasing  the  spin  at  the  muzzle  would  spin.  This  method  has  been  tried  with  two 

tend  to  minimize  the  effects  of  pertur-  projeetiles  equipped  with  rubber  "O"  rings 

bations  in  that  region  and  ultimate  ac-  plaecd  in  a special  maehined  groove  in 

curacy  might  then  be  improved.  The  most  the  chamber  as  shown  in  Fig.  b. 

serious  limitation  on  the  increased  initial 


spin  is  the  ability  of  the  fin  assembly  to  The  rotation  (in  degrees)  for  the  two 

withstand  the  increased  stress.  projeetiles,  as  measured  with  yaw  cards, 


Fig.  5.  Calculated  Spin  Behavior. 

Tl  1 9 E I I Projactila  Launched  With  High  Initial  Spin. 
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is  contained  in  the  firing  record.  Table 
III,  and  a plot  of  rotation  versus  distance 
is  shown  in  Fig,  7.  The  calculated  spin 
rates  at  various  distances  are  given  in 
Table  IV  and  are  compared  with  corres- 
ponding spin  rates  for  the  standard  T119E11 


projectile  in  Fig.  8.  The  original  range 
data  for  the  standard  T119E11  projectile 
used  in  this  comparison  are  found  in  Table 
VI  of  the  Thirty-Fifth  Progress  Report 
and  a preceding  section  of  this  report  , 


Fig.  7.  Rotation  Versus  Distance  From  Muxzie. 

TII9EII  Projectiles  With  Rubber  Obturator  Rings. 
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Table  IV 

Effect  of  Rubber  Obturator  On  Spin 

Til? Eil  Projectile 


Distance 

(feet) 

Projectile  X 1 ! 3 7 

Projectile  X 1 1 3 6 

gf  (°/ft) 

u (ft./ sec.) 

Spin(  rps) 

||  (°/ft) 

u (ft. /sec.) 

Spin(  rps) 

0 

1.94 

1615 

8.  71 

- - 

1 621 

60 

2.  40 

1591 

10.  61 

2.  70 

1 597 

11.98 

80 

2.  58 

1583 

11.  34 

2.  85 

1589 

12.  58 

100 

2.  76 

1575 

12.  08 

3.  00 

1581 

1 3.  18 

120 

2.88 

1567 

12.  54 

3.  1 8 

1 573 

13.89 

140 

2.94 

1559 

12.  73 

3.27 

1565 

14.  22 

160 

3.00 

1551 

12.93 

3.30 

1557 

14.27 

180 

3.00 

1543 

12.  86 

3.  33 

1549 

14.  33 

Pig.  8.  Comparison  of  Spin  Rates. 

Projectiles  WitK  and  Without  Rubber  Obturators. 


It  is  evident  from  Fig.  8 that  the  launch- 
ing spin  of  the  rubber  obturated  projectiles 
(approximately  nine  revolutions  per  sec- 
ond) is  considerably  higher  than  for  che 
unobturated  T119E11  projectile  (approx.  1.  3 
rps).  The  recovered  projectiles  were 
in  good  condition,  indicating  that  the  in- 
creased spin  had  not  damaged  the  fins. 
Small  bits  of  the  rubber  "O"  ring  had  been 
forced  into  the  gap  between  the  body  and 


chamber,  by  the  propellent  gases. 

In  view  of  the  satisfactory  performance 
of  these  two  rounds  it  is  planned  to  fire 
a complete  program  to  determine  the  effect 
of  higher  launching  spin  rate  upon  ac- 
curacy and  to  establish  the  consistency 
of  the  muzzle  spin  of  a rubber  obturated 
r ound. 
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Gilding  Metal  Rotating  Bands  transmitted  to  the  body  by  the  action  of  a 

gilding  metal  rotating  band  in  the  rifling 
Another  method  of  increasing  initial  of  the  tube, 
spin  is  through  the  use  of  a gilding  metal 

rotating  band.  The  Twelfth  Progress  Two  projectiles,  one  with  fins  6.92  in. 

Report  included  the  results  of  firing  three  long  and  one  with  standard  length  (8.92  in.) 

projectiles  with  gilding  metal  rotating  fins  were  fired  from  a 1-480  tube,  through 

bands  from  a tube  rifled  one  turn  in  480  a series  of  yaw  cards,  into  a recovery  box. 

calibers.  The  projectiles  suffered  severe  The  rang*  data  are  given  in  Table  V,  which 

damage  in  the  tail  assembly.  Since  the  includes  the  measured  rotation.  A plot 

tail  assembly  of  the  T119E11  projectile  of  r otati on  versus  distance  appears  in  Fig. 

is  considerably  stronger  than  the  tail  9.  Values  of  spin  rate  (rev/sec)  versus 

assembly  of  the  test  above  it  was  decided  distance  are  given  in  Table  VI  and  the 

to  test  the  ability  of  the  T119E11  tail  as-  tabulated  values  are  plotted  in  Fig.  10. 

sembly  to  withstand  the  sudden  torque 


Table  V 
Range  Data 

7119111  Project//#  With  Rotating  Band 
Fired  From  1-480  Tube 


C O N F I 0 


12 

C O N F I D 


Proo*  Qirpctnr  £"»  f-fuff rt--*/? Signed 

Observers c <V*. 


[Distonce  (f  eet)| 


Table  VI 

Spin  Rate  of  T119E11  Projectile 

With  Rotating  Band;  Find  From  1-4 80  Tub • 


(°/ft) 


(ft./  sec) 
163 
161 


(ft. /sec.) 


2.79 
2.91 
3.06 
3.18 
3.  30 


0 

60 

80 

100 

120 

140 

160 

180 


Dista  nc  e 


13.78 
16.  51 
18.68 
20.  30 
22. 30 


The  spin  of  the  projectile  with  fins 
6.92  in.  long  was  normal  but  the  pro- 
jectile with  standard  length  (8,92  in.) 
fins  attained  an  abnormally  high  spin  rate 
of  24.5  rps  at  180  feet.  It  is  believed 
that  this  high  spin  rate  was  due  to  fin  dis- 
tortion, giving  an  abnormal  cant  to  the 
fins. 

From  these  test  results  it  is  evident 
that  the  results  of  launching  a T119E11 


projectile  with  a non-slip  rotating  band 
from  a low  spin  tube  are  considerably 
less  satisfactory  than  the  results  from 
launching  the  same  projectile  with  a slip 
band  from  a high  spin  tube.  The  fins  were 
damaged  by  the  high  initial  angular  velo- 
city when  using  the  non-slip  band  and  the 
low  spin  lube.  On  the  basis  of  these  tes' 
results  no  additional  tests  from  slow  spii 
tubes  are  planned. 


[Wl  r80~l  (Tool  p20l  [|40l  fi60l  U80|  feool 

Fig.  10.  Spin  Rate  Versus  Distance  From  Muzzle. 

T!  I9EI I Projactilas  With  Gilding  m«I«I  Rotating  Bands. 
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Performance  Tests  of  T119E11 
Projectile 

Effect  of  Dimensions I Variations 

Twenty  T119E11  projectiles,  prepared 
and  assembled  so  as  to  represent  extremes 
(loose  or  tight)  in  clearance  between  cer- 
tain components  of  the  tail  assembly  were 
tested  for  mechanical  functioning  and  ac- 


curacy. These  tests  were  so  made  that 
manufacturing  tolerances  might  be  as 
broad  as  is  justifiable. 

Fig.  11  illustrates  the  tail  components 
involved  in  the  dimensional  study  and  Table 
VII  charts  the  original  and  proposed  toler- 
ances. The  parts  were  machined  for  this 
test  and  Table  VIII  is  an  inspection  report 
of  the  parts.  The  firing  record  for  the 
twenty  projectiles  is  given  in  Table  IX. 


F':g;  II.  TII9EII  Tail  Assembly  Components. 

For  ToUranei  Study. 


Table  VII 

Proposed  Dimensional  Changes 

Tolmranto  Study 


Dimension 

TII9EII  Dimensions 

Proposed  Dimensions 

A 

1.6375  + .0010 

1.687  + . 004 

B 

1.6860  - .0015 

1.686  - . 002 

C 

1.810  + .001 

1.810  + .004 

D 

1.817  - ,001 

1.819  - .002 

E 

1. 809  - . 002 

1.809  - .002 
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Table  VIII 
Inspection  Data 
Tl  19  Projmrtllm  Parts 


Proiect  ile 

No 

D 1 M ENSIONS  (in  ) 

A 

B ^ 

C=  1.810  + 

0002 

D--  1819  - 0002 

E = 1 809 

- 0002 

SET  I 

Max. 

M in 

Max 

M i n 

Max 

Mm. 

X867 

SEE 

1. 

8125 

1.8191 

1.8181 

1 . 8094 

1 . 808  3 

X868 

NOTES 

1. 

8135 

1.8200 

1.8191 

1. 8099 

1.8093 

X869 

BELOW 

1. 

8120 

1 . 8200 

1.8191 

1.8102 

1.8100 

X870 

1. 

8101 

1.8205 

1.8181 

1.8103 

1.8085 

X87 1 

1. 

8125 

1.8200 

1.8187 

1 . 8099 

1.8093 

X872 

1 ^ 

8115 

1 . 8207 

1.8191 

1.8101 

1.8088 

X873 

1. 

8 125 

1. 8202 

1.819-1 

J . 8107 

1.8102 

X87*l 

1. 

8090 

1 . 8095 

1.8092 

X875 

1. 

8120 

1.8105 

1.8093 

X876 

1. 

8095 

1.8100 

1.8097 

| SE  t n 

C=  1 8 1 4 -t-  .0002 

D - 1 817-  0002 

E --  1 80  7 

- 000  2 

Max 

M i n 

Mo  x 

M i n 

Ma  x 

Mm 

X877 

1.81  12 

1.8140 

1.8181 

1.8177 

1.8080 

X878 

1 . 

81  ' • 

1.6188 

1.8175 

1. 8092 

1. 8085 

X879 

1.8!  12 

1.8110 

1.8176 

1.8171 

1 . 8074 

1 . 8070 

X880 

1 . 

8125 

1.8176 

1 . 81 72 

1 . 8085 

1.8080 

X881 

1 . 

1.8178 

1.8161 

1 . 8070 

1 . 805  5 

X882 

1. 

8135 

1.8169 

1.8143 

1 . 8 0 7 6 

1.8060 

X88  3 

1 

3120 

1.01S2 

1 .8179 

1.8087 

1.8085 

X884 

1.8142 

1. 8140 

1.8165 

1.816 

i . 80  75 

1.8070 

X885 

1.81  12 

1.8140 

1.8177 

1.8172 

1 . 8083 

1.8079 

X886 

1 . 

81  In 

1.8178 

1.8167 

1.8083 

1.8075 

Notes: 

1 . Dirnens ion  A = 

1.891  + . uuu.. . All  p 

ioces  in  tolerance. 

2.  Dimension  13  = 

1 . 684  - . 

ih.  i J 

iileen  pieces  in 

tolerance,  two  ;m»asurcci  at  1.6836. 

3.  SET  I 

s close 

c lcarance 

group;  Set  11  is  loose  clearance  iron 

!>• 

Four  of  *■'  >-  ajec tiles  were  fired 
through  Vr'“  cards.  into  a recovery  box. 
Twr-  .ne  four  pn  ectiles  were  from 
C*  ...p  II  (1  r-c-T  c f lesrance)  of  Table  VIII 
1 cti  v/ere  I*.’.  e 9 t.j>  ^ c -xcess  pressures 
.* f .Wr-ibim : • > 'iperature . The  other  two 

tl'-  irom  Group  I (close  toler- 
VIII  were  loaded  for  oper - 
..  Hug  oi  . s/TA ej  and  conJi-’-oned  at  -40° 
i'ii'ese  >.£  m'oer  ature  limi_>  represent 
' e.xtrerrt;:;.  ^'‘loosensss"  arid  "tightness" 

, '•■.1  £u.  The  /uy  .*ards  and  tie  ~ '•covered 
ptoj  . vidence  of  non.  tl  func- 

•- - ’hig  • ’ r..  ssemblies  in  ail  four 

? r ' • w * > 

•nt  pi  j-.  -,  ''roup  1 ^c.  ise 

v>.  rai  ) ar.>-  . nr  1 •••  .m  II  (loose 


tolerances)  of  Table  VIII  were  fired  for 
accuracy  at  a range  of  998  yards.  The 
first  projectile  flew  over  the  target  and 
after  resetting  the  elevation  the  next  fif- 
teen rounds  all  hit  the  target  with  pro- 
bable errors  of  dispersion  of  V.P.E.= 
±.49  rnil  and  H.P.E.  = ±.51  mil. 

Since  these  projectiles  were  prepared 
from  certain  components  machined  so  as 
to  create  extremes  of  fit  wider  than  any 
fit  that  could  be  expected  in  production 
manufacture  and  assembly,  the  results 
of  the  firing  tests  indicate  that  tolerances 
in  the  tested  components  may  be  relaxed 
to  the  proposed  degree  presented  in  Table 
VII  without  being  detrimental  to  the  ac- 
curacy of  the  projectile. 
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With  A Short  Chamber-Tail  Assembly 

A tail  assembly,  .475  in.  shorter  than 
the  standard  tail  assembly  of  the  T119E11 
projectile  has  been  tested  at  Erie  Ordnance 
Depot,  Eig.  12  illustrates  the  revised 
shorter  chamber  and  tail  assembly. 

Six  projectiles  incorporating  the  shorter 
tail  assembly  were  fired  through  yaw  cards 
into  a recovery  box.  The  firing  record  is 
contained  in  Table  X.  Three  of  the  six 
rounds  were  loaded  to  give  excess  pres- 
sures at  ambient  temperature;  three  were 
loaded  for  operating  pressures,  and  prior 
to  firing  were  conditioned  in  a cold  box 
at  -40°F.  The  yaw  cards  showed  that  the 


fin-opening  mechanism  functioned  satis- 
factorily and  the  recovered  projectiles 
gave  no  evidence  of  failure  or  malfunction 
of  any  of  the  components. 

Fourteen  projectiles  with  the  short  tail 
assembly  were  fired  for  accuracy  at  an 
18  ft  by  18  ft  target  at  a range  of  998  yards. 
The  data  appear  in  Table  XI.  Probable 
errors  of  dispersion  for  14  impacts  were 
V.P.E.=±.39  mil  and  H,P.E.=±.60  mil. 

These  test  results  indicate  that  the 
short  tail  assembly  can  be  incorporated 
into  the  T119  projectile  if,  at  some  future 
time,  a desired  decrease  in  length  and 
weight  jus  tifies  the  change. 


» 


I 


Fig.  12. 


bhort  Chamber  and  Tail  Assembly. 
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Table  X 
Range  Data 

TJ19  Projactilo  With  Short  Tail  Atsembly 
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Proo*  nirw.tm  £~  Um££H±£L 
Observers  k ,C.i.axt,  . F Mr N 


Table  XI! 

Accuracy  Range  Data 

T119  Frofoctllm  With  Short  Tail  Assembly 
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Future  Program 


ft 


I 


1.  A nylon  slip-band  will  be  tried  as 
a means  of  increasing  the  muzzle  spin 
of  the  projectile. 

2.  Twenty  projectiles  with  rubber 
"O"  ring  obturators  have  been  fired  for 
spin  and  accuracy.  The  results  will  be 
reported  in  next  month's  publication. 

3.  Fifteen  projectiles  with  short  bodies, 


short  ogives  and  rounded  nose  caps  are 
being  assembled.  It  is  planned  to  fire 
these  projectiles  to  check  drag  and  ac- 
curacy. 

4.  Twenty  special  housings  with  an 
O.  D.  of  4.118  - . 00  S are  still  in  process. 
This  design  should  permit  a smoother 
launching  condition  of  the  projectile.  Re- 
sults will  be  included  in  a later  report. 


I 


ft 
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Accuracy  Tests 
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T171  PROJECTILE 


Two  modifications  of  the  T171  pro- 
jectile were  fired  for  accuracy  and  flight 
evaluation  at  Erie  Ordnance  Depot.  Seven 
T171  MD8  rounds  (Fig.  13)  and  twelve  T171 
MD10  rounds  (Fig.  14)  were  launched  from 
a T137  rifle  having  a 1-20  twist  tube.  The 
target,  18  ft.  by  18  ft.  , was  placed  1000 
yards  from  the  gun  muzzle.  Since  the  pro- 
jectiles did  not  have  rotating  bands,  it  is 
estimated,  from  spin  measurements  pre- 
viously made,  that  the  rounds  were  ro- 
tating 2 to  3 rps  at  the  muzzle. 

T171MD8  (Fig.  13) 

Of  seven  rounds  of  this  modification 
fired  one  round  hit  the  target.  This  one 
round,  fired  at  an  elevation  of  23  mils 
and  zero  azimuth,  with  a muzzle  velocity 
of  1692  feet  per  second,  hit  .28  mil  below 
and  1.28  mils  right  of  the  aiming  point. 
Two  rounds,  after  hitting  velocity  coils, 
exhibited  large  yaw  during  the  remainder 
of  their  observed  flight  and  another  round 


tumbled  at  a point  about  600  yards  down 
range.  The  remaining  three  rounds  ap- 
peared stable  in  flight,  but  drifted  off  the 
line  of  sight.  The  firing  record  for  this 
program  is  in  Table  XII. 

A yaw  card  was  placed  on  the  first 
velocity  screen  and  the  three  projectiles 
which  flew  badly  (X902,  X903,  X911) 
each  had  a large  initial  yaw,  indicating 
that  poor  launching  conditions  were  re- 
sponsible for  the  poor  flight.  The  poor 
launching  conditions  may  be  related  with 
the  riding  surface  of  the  fins  - which  is 
narrower  and  longer  than  that  of  the  T-4 
fin  used  on  the  T171  MD10  projectile. 

T 1 7 ? MD 1 0 (Fig.  14) 

Eleven  of  the  twelve  MD10  rounds  fired 
hit  the  target,  with  probable  errors  of 
±.60  mil  horizontally  and  ±.90  mil  ver- 
tically. The  dispersion  chart  is  shown 
in  Fig.  15.  These  rounds,  fired  at  an 
elevation  of  23  mils  and  zero  azimuth, 
with  an  average  muzzle  velocity  of  1669 


Fig.  13.  TI7IMD8  Projectile. 
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feet  per  second,  had  a center  of  impact  suit  either  from  the  difficulty  in  main- 

,11  mil  above  and  ,28  mil  to  the  right  of  taining  a uniform  loading  density  of  the 

the  aiming  point.  The  round  that  missed  separately  loaded  rounds  or  from  the 

the  target  appeared  stable  in  flight  but  low  initial  spin  rate,  or  both.  The  large 

drifted  to  the  right.  The  firing  record  horizontal  dispersion  also  suggests  that 

for  this  program  is  shown  in  Table  XII.  the  spin  rate  of  2 to  3 rps  is  not  sufficient 

to  yield  satisfactory  performance. 

The  large  vertical  dispersion  may  re- 


(Round  10  missed  target) 


Fig,  15.  Dispersion  Chart 

TI7IMDK)  P.-aj,cf,!e». 
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Table  XII 
Range  Data 

T171MD8  and  Tt 71 MD 10  Projatfilas 
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Center  of  Impoct  YllL  Roa„d„  Proo>  Director  ^ q.yiwt  O.  /**•  //«-. 

Probable  Error  — Verticol ~ i +>*'/* 1552/  A>  5 5J2  Oh<*rvfr*  ^ O t2s2£^£Jk 

ProbOble  error  — Hornontol  ~ • 6<:>/w'/,  ) ^ ^ a - f. 
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Ballistic  and  Range  Calculations 

Using  the  Siacci  theory  and  experi- 
mental data,  ballistic  coefficients  for  the 
T171MD3,  MD5,  MD10  and  MD11  config- 
urations were  determined.  From  these 
ballistic  coefficients  the  form  factors 
and  drag  coefficients  were  computed. 
The  terminal  velocity,  time  of  flight  and 
elevation  were  found  for  various  ranges 
and  muzzle  velocities,  and  the  variations 
in  vertical  target  strike  which  would  result 
from  errors  in  range  estimation  have 
been  calculated. 

Ballistic  Coefficients 

The  Ballistic  coefficients  were  found 
which  satisfied  the  equations 


Sf-So 

where 


The  times  of  flight  and  muzzle  velocities 
were  measured,  and  the  range  was  known. 
After  the  initial  values  of  the  space  and 
time  functions  corresponding  to  the  muz- 
zle velocities  were  obtained  from  the 
tables,  the  terminal  velocity  was  varied 
until  the  final  values  of  the  space  and  time 
functions  were  found  that  gave  equal  values 
of  the  ballistic  coefficients,  and  CT  . 

This  procedure  was  carried  out  with 
standard  drag  functions  1,  2,  7 and  8, 
and  the  standard  function  chosen  was  that 
one  which  best,  fit  the  experimental  data. 
The  best  fit  was  assumed  to  be  the  func- 
tion for  which  the  standard  deviation  of 
the  ballistic  coefficients  was  a minimum. 

It  was  found  that  the  number  2 standard 
function  provides  the  best  fit  to  the  data 
for  the  MD11  projectile,  and  the  number  7 
standard  function  was  chosen  for  the  MD3, 
MD5,  and  MD10  modifications. 


t = time  of  flight 

x = range 

Tc=  Siacci  time  function  at  initial 
velocity. 

= Siacci  time  function  at  final 
velocity. 

Se=  Siacci  space  function  at  initial 
velocity. 

Sf  = Siacci  space  function  at  final 
velocity, 

CT,CS=  Ballistic  coefficients  deter- 
mined by  time  and  space  con- 
ditions. 


The  form  factors  were  then  determined 

from  the  relation  i - -TVs 

C d 2 

where  i = form  factor 

C = ballistic  coefficient 

m - mass  of  shell 

d = diameter  of  shell 

Values  for  the  ballistic  coefficient  and 
the  form  factor  are  shown  in  Table  XIII. 


Table  XIII 

Ballistic  Coefficients  and  Form  Factors 

T!  71 MD3,  MDS,  MOIO  and  MD1 1 Projectiles 
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Drag  Force  Coefficients 

W i th  the  aid  of  the  expression 

K 


t G 


D 


K -u 

k r 5. 217  x 10"4 
i = form  factor 


G = drag  function 


u = velocity 


the  drag  force  coefficient  - Mach  number 
relationships  for  these  four  configurations 
were  computed  (Fig.  16).  The  solid  sec- 
tions of  these  curves  are  the  portions  of 
the  curves  to  which  the  experimental  data 
were  applied,  while  the  dotted  lines  are 
extrapolations  of  the  standard  curves  using 
the  at  ..e  listed  form  factors.  These 
results  indicate  that  the  drag  force  acting 
on  each  of  these  projectiles,  using  the 
MD10  modification  as  a base  ( = 1.0);is 
1.  09  for  the  MD11,  1.  74  for  the  MD3  and 
1.  81  for  the  MD5. 


Fig.  !6.  Drag  Force  Coefficient  Versus  Mach  Number. 
TI7 ikriDJ.  MD5,  MDIO  and  MDll  Projectiles. 
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Trajectory  Elements 

The  significance  of  a difference  in  drag 
force  lies  in  its  effect  on  the  trajectory 
elements.  Using  the  equations 

Sf  = S0  sec  eQ 

= x tan0o  ~ jj[Af-A0  )-I0  3 

t = S-  Crf  - T'o  1 


Sof«s  initial,  final  values  of  Siacci 
space  function. 

Te.f=  initial,  final  values  of  Siacci 
space  function. 

A0)f=  initial,  final  values  of  Siacci 
altitude  functions. 

IQ  = initial  value  of  Siacci  inclination 
function. 

x = range 

c = ballistic  coefficient 

t = time  of  flight 

y = elevation 

6 — ratio  of  density  of  air  to  standard 
de  nsity. 


the  elevations,  terminal  velocities,  and 
times  of  flight  were  related  to  varying 
muzzle  velocity  for  ranges  of  1000  yards 
and  2000  yards,  ( Figur  e 3 1 ? -22) , and  to 
range  for  a muzzle  velocity  of  lo50  feet 
per  second  (Figures  2 3-25). 

It  is  easily  seen  that  the  MD10  and 
MD11  modifications  are  superior  to  the 
MD3  and  MD5  modifications  when  drag 
force  alone  is  considered.  The  required 
elevation  for  the  MD10  is  3%  less  than 
that  for  the  MD11  at  1000  yards,  and  5% 
less  at  2000  yards.  The  remaining  velo- 
cities of  the  MD10  at  1000  yards  and  2000 
yards  are,  respectively,  3%  and  6%  higher 
than  those  of  the  1/D11  at  the  same  ranges, 
while  the  times  of  flight  for  the  MD10  at 
1000  yards  and  20  00  yards  are  2%  and 
3%  lower  than  those  of  the  MD11  at  those 
ranges. 

Variation  in  Hit 

The  variations  in  vertical  target  hit 
as  a function  of  range  error,  for  ranges 
of  1000  yards  and  2000  yards,  and  as  a 
function  of  range,  for  a 15%  range  error, 
were  determined  using  the  equation 

lj=X-tsn0-  Q/\-Ao)  - 1 

and  plotted  in  Figs.  26,  27  and  28.  These 
graphs  also  show  the  superiority  of  the 
MD10  and  MD11  modifications  over  the  MD 
3 and  MD5  rounds.  It  is  apparent  that 
the  MD10  is  an  improvement  over  the  MD11, 
especially  for  extended  ranges,  when  this 
variation  is  considered. 


i 
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Fig.  17.  Remaining  Velocity  Versus  Munle  Velocity 
TI7IMD3,  MD5.  WDIO  ind  MDl  I Piojectilcv  I OOOyard  R«nq». 
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Fig.  18. 

Elevation 

Versus  Muiile  Velocity. 

TI7IMD3,  MD5 

MDIO  «nd  MDll  Piojectiles. 
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Fig.  19.  Time  of  Flight  Versus  Muzzle  Velocity. 

TI7IMD3.  MD5.  MDlO  and  MDl  I Projectile*:  1.000-yard  Range 
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Fig.  20.  Remaining  Velocity  Versus  Muzzle  Velocity. 

T I 7 I M D 3 MD5  MDlO  and  MDl  I Projectile*;  2. 000-yard  Range. 
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Fig.  22.  Time  of  Flight  Versus  Muzzle  Velocity. 
TI7IMD3,  MD5.  MDIO  end  MDH  Projectile*;  2, 000- yard  Range. 


Fig.  21.  Elevation  Versus  Muzzle  Velocity. 

T 1 7 1 M D3 , M05,  MDlO  and  MDll  Projectiles:  2. 000-yard  Range. 
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Fig.  24.  Elevation  Versus  Range. 
TI7IM05  MD5  MDIO  and  MDII  Projectile! 
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Fig.  26.  Variation  in  Hit  Versus  Range  Error. 

Tl  7 I MCn  MD5,  MDlQ  and  MOM  Projectiles  1, 000-yard  Range. 
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Fig.  28.  Variation  in  Hit  Versus 
TI7IMD3,  MD5.  MDIO  and  MDII  Pro 
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Future  Program 


1.  Because  of  the  advantage  the  re- 
duced drag  force  provides  and  the  simpli- 
fication of  penetration  problems  offered 
by  the  conical  nose,  continued  emphasis 
will  be  placed  on  achieving  satisfactory 
accuracy  with  the  MD10  modification. 
Several  T171MD10  projectiles  are  at  Erie 
Ordnance  Depot  awaiting  firing  from  a 
1-500  twist  tube.  This  test  is  designed  to 
show  the  effect  of  spin  rate  upon  the  ac- 


curacy of  this  projectile. 

2.  A test  similar  to  (1)  is  planned  for 
T171  MD11  projectiles. 

3.  T171  MD11  projectiles,  modified  by 
replacing  the  regular  tee  with  the  T138 
E23M  nose  (page  19,  BRL  Memo  Report 
592,  A.  S.  Platou)  are  being  prepared 
for  evaluation  tests. 
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PENETRATION  STUDIES 

Scaling  Studies  DRC506-1  test  assembly  (No.  2 nose  ring). 

Fig.  29  shows  the  cone  and  Fig,  30  shows 
Two  separate  but  related  scaling  studies  a cone  and  charge  assembly.  These  cones 
have  now  been  completed.  One  is  based  were  made  from  DRB398  drawn  cones  by 

upon  the  DRB398  copper  cone  and  the  cutting  them  off  at  the  appropriate  base 

first  part  of  this  study  (75mm)  was  pre-  diameter  (3.0  inch  register  diameter) 

sented  in  the  Thirty-Fifth  Progress  Re-  and  by  machining  the  inside  wall  surface 

port.  The  second  considered  a family  to  the  specified  wall  thickness  (.086  inch), 

of  45  sharp  apex  copper  cones  and  was  The  only  departure  from  linear  scaling 

reported  in  the  Thirty-Sixth  Progress  is  in  the  small  spitback  tube  whose  dimen- 

Report.  In  this  report  new  data  for  the  sions  are  unchanged  from  the  original 

90mm  size  DRB398  type  cone  is  presented  DRB398  cone, 
and  all  data  for  the  two  studies  are  sum- 
marized. The  inspection  data  for  the  DRB707 

cones  are  shown  in  Table  XIV  and  the  pene- 
The  90/l05mm  scaled  counterpart  of  tration  data  are  shown  in  Tables  XV(A)  and 
the  DRB398  cone  and  DRC376  test  as-  XV(B). 
sembly  consists  of  a DRB707  cone  and 


MOTE. 

' ACL  iNDCATE  O SuREACrS  TO  BE  CONCENTOIf.  WiTHNj  £>05  Tip  WITH  RESPECT  TO  .?998DIA.  RCG'STCfc. 
? INOO'CC  SURF  ACt  TO  BC  PCVPfNtXiHAP  TO  < PAW'  WiTHiN  ex'*  t T.l.R. 

3 IN  Tm|>  PlGOri  .AHAIlAj  in  ST J,VdG*  INISS  OT  TiiiChnESSOF  wall  tiHAi l not  r*CCCO 
r 03  in  anv  A-»v\t_  plan*  ; wau  tk»ckne  SS  any  t ran^/C  PbE  planC  smau  >-jO* 

EkCU  O CO  VARIATION 
■i.  r.N.sn 

•\rV-E  FE  I'PF  (3  r/A  1 h’lAl  ; CXrCE  N f VLL  . NO  PL5-OAI  CtCMCXNTS  COPPER- 
A.-ERNATivC  N1AT*  NiAUt  ELEl-TROLV  T c I CX-G'«  Pi  1' CM  COPPr?. 

6 TW15  O'.  NE  viay  SE  MACX  BV  S^OOIFv,Nv'  C DRC-S^B. 

Fig.  29.  DRB707  90  mm.  Smooth  Cone. 

90/105  Scalad  Counterpart  of  DR8398  Cone. 


Fig.  30,  DRC506-I  90  mm.  Penetration  Test  Assembly. 

90/105  Scaled  Counterpart  of  DRC376  Asjembly. 


34 

CONFIDENTIAL 


CONFIDENTIAL 


FS 1051 
FS1052 
FS 1053 
FS  1054 
FS 105  5 
FS  105  6 
FS  105  7 
FS  105  8 
FS  1059 
FS1060 
FS 1061 
FS 1062 
FS1063  3 
FS 1064 
FS1065 
FS1066 
FS1G67 
FS1068 
FS 1 069 
FS1070 
FS 1071 
FS1072 
FS1073 
FS1074 
Avg. 

Std. 

Dev. 


. 00 

.01 


015  ( Maximum) 
005 

010 

004 

002 

004 
010 
008 

005 
008 
010 
007 

006 

016 
004 


+.0010  +.0017 


Notes: 

1 . Lo 


40  DATA 

... 

....  i 

... 

002 

.001 

.002 

. 002 

. 0020 

. 0040 

. 005 

001 

.001 

.003 

. 002 

. 0020 

. 0040 

. 012 

003 

. 003 

.002 

. 003 

. 0020 

. 0030 

. 006 

001 

. 002 

.002 

. 003 

. 0010 

.0010 

. 008 

0C1 

.003 

. 002 

. 005 

. 0020 

.0010 

. 005 

002 

.003 

. 002 

. 004 

. 0020 

. 0020 

. 001 

002 

. 002 

. 002 

. 004 

.0020 

.0010 

.017 

001 

.003 

. 002 

. 004 

.0010 

.0010 

. 002 

001 

. 002 

. 002 

. 003 

. 0020 

. 0010 

. 010 

002 

. 005 

. 002 

. 005 

. 0020 

. 0010 

.006 

001 

. 001 

. 002 

. 004 

.0030 

.0010 

. 010 

0013 

. 0026 

.0020 

. 0033 

. 0019 

. 0021 

. 0072 

;.0007 

+.0017 

+ . 0004 

+ .0014 

+ . 0007 

' +.0013 

+.0039 

base;  1 

the  upper 

datum  is 

Z.  ?Z  inches  above  base. 

The  indicated  measurement  at  each  datum  is  the  total  indicator  runout  of  the  liner  1 = 
outside  surface  relative  to  the  register  diameter.  The  difference  between  the  runout 
at  the  two  datum  planes  is  an  indication  of  the  lack  of  perpendicularity  of  the  register 
plane  and  the  liner  axis. 

Held  as  sample. 
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Table  XV 
Penetration  Data 
DRB707  Cones 


Round  No 

Lb.  Comp  B 

Stondoff 

(in.) 

Panatrotion 
(inches  MS) 

Max.  Spread 
1 in.  1 

Std  Deviation 
(in) 

A.  Effect  of  Standoff 

FS1049 

1. 56 

6.0 

18.69 

FS1050 

1. 58 

6.0 

16.94 

FS1051 

1.60 

6.0 

15.  81 

FS 1052 

1. 58 

6.C 

17.  31 

Avg.  17.19 

2.88 

*1.19 

FS1053 

1.56 

9.0 

18.  31 

FS1054 

1.56 

9.0 

18.  25 

FS1055 

1. 58 

9.0 

17.  94 

FS1056 

1.60 

9.0 

17.44 
Avg,  17.99 

. 87 

±0.40 

FS1057 

1. 58 

12.0 

19.  12 

FS1058 

1. 56 

12.0 

17.44 

FS1059 

1. 58 

12.0 

18.62 

FS1060 

1. 58 

12.0 

19.  12 

Avg.  18.58 

1.68 

*0.  80 

Notes: 

1.  Cones 

were  modified  from  drawn  DRB398  HW3  item  1 copper  cones,  1 

and  were  assembled  in  DRC506-1  test  bodies. 

plugs  and  No. 

2 nose  rings. 

2.  Loaded  at  Ravenna  A.rsenal, 

BAT  Lot  No.  32 

with  Composition  B 

from  Holston  Lot  No.  4-1197. 

3.  Tested 

at  Erie  Ordnance  Depot  without  rotation;mild  steel  target  plate  was  used.  | 

B.  Effect  of  Rotation 

Round  No. 

Lb.  Comp  B 

Rav/Sac 

Panatrotion 
Inches  M S 

Max.  Spreod 
(in.) 

Std.  Deviation 
(in.) 

FS1049 

1.56 

0 

18.69 

FS1050 

1.58 

0 

lb.  94 

FS1051 

1.60 

0 

15.81 

FS1052 

1.58 

0 

17.  31 

Avg.  17TIT 

2.88 

11.  19 

FS1061 

1.56 

30 

15.25 

FS!  062 

1.58 

30 

14.75 

FS1074 

1.58 

30 

13.88 

FS1064 

1.60 

30 

12.  75 

Avg.  14,  l6 

2.  50 

±1.  10 

FS1065 

1.56 

60 

8.  18 

FS1066 

1.56 

60 

7.75 

FS1067 

1.56 

60 

8.  18 
Avg.  8.04 

0.43 

x.  25 

FS1068 

1.58 

90 

6.  56 

FS1069 

1,56 

90 

6.62 

FS 1 070 

1.58 

90 

6.50 
Avg.  6.56 

0.  12 

1.06 

FS1071 

1.58 

120 

5.94 

FS1072 

1.56 

120 

5.56 

FS  1 073 

1.58 

120 

5.  38 
Avg.  5.63 

0.  56 

±.29 

Notes: 

|1.  Cones  were  modified  from  drawn  DRB398  HW3  item  1 copper  cones, 
and  were  assembled  in  DRC506-1  test  bodies,  plugs  and  No,  2 nose 
rings. 

2,  Loaded  at  Ravenr.a  Arsenal,  BAT  Lot  No,  32,  with  Composition  B 
from  Holston  Lot  No,  4-1197, 

3,  Tested  at  Erie  Ordnance  Depot  at  a standoff  of  6.0  inches.  Mild 
steel  target  pl«*te  was  used. 
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Scaling  of  Standoff 

The  penetration  data  for  the  effect  of 
standoff  are  shown  in  Fig.  31  and  pre  com- 
pared directly  with  similar  data  for  the 
75mm  and  105mm  scaled  counterparts. 
The  curves  have  the  same  general  shape. 
Fig.  32  is  a generalized  plot  showing  the 
effect  of  standoff.  Data  for  both  scaling 
studies  are  included  in  this  curve.  Both 


depth  of  penetration  and  standoff  distance 
are  expressed  in  terms  of  charge  dia- 
meters. In  confirmation  of  generally 
accepted  theory  a single  curve  represents 
the  data  adequately  for  standoff  distances 
up  to  4 or  5 charge  diameters.  At  longer 
standoff  distances  other  factors  such  as 
precision  of  manufacture,  charge  sym- 
metry, etc.  , become  increasingly  im- 
por  tant. 


m 


Fig.  31.  Penetration  Versus  Standoff. 

75  mm..  90  mm.  and  105  mm.  Conet  Type  Conei. 
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Fig.  32.  Penetration  Versus  Standoff. 
In  Term*  of  Ch«rg«  Di«m«lefi. 
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Scaling  of  the  Rotational  Effect 

The  penetration  vs  spin  rate  curve 
for  the  90/l(i5  modification  of  the  DRB 
398  type  cone  is  shown  in  Fig.  33,  Fig. 
34  is  a generalized  plot  in  which  the  data 
for  both  sharp  apex  and  spitback  tube  types 
of  cones  are  presented.  The  data  for  a 
1.63  inch  diameter  charge  (Carnegie  In- 
stitute of  Technology,  Report  No.  CIT- 
ORD-R18),  though  not  scaled  directly, 
are  also  shown  for  comparison.  The  pene- 
tration (P<*»)  at  any  spin  rate  (u>  radians/ 
sec)  is  expressed  as  a fraction  of  the 
non  rotated  penetration  (P0)  and  is  equal 
to  P^.  The  spin  rate  is  expressed  in 

Po 

terms  of  surface  speed  and  is  equal  to 
cor  . As  expected  the  effect  of  spin  is 


invariant  under  these  transformations 
and  the  one  curve  represents  the  data 
for  all  of  the  charges  quite  well.  There 
are,  however,  certain  restrictions  upon 
the  general  applicability  of  the  relation- 
ship between  spin  rate  and  penetration 
shown  in  Fig.  34.  The  data  were  obtained 
using  conical  copper  cones  of  such  auality 
that  without  rotation  they  would  pene- 
trate approximately  6.0  charge  diameters 
into  mild  steel  target.  Charges  of  poorer 
quality,  or  of  other  shapes  or  materials 
will  lose  their  penetration  at  a different 
rate.  Under  these  latter  conditions  the 
empirical  relationship  presented  in  the 
Supplement  to  the  Penetration  Studies 
beginning  on  page  38  of  the  Eleventh  Pro- 
gress Report  is  more  nearly  applicable. 
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Fig.  34.  Penetration  Versus  Surface  Velocity. 

2.5  in.,  3.0  in.,  and  3. 5-in.  Sharp  Apr*  and  Spi.baclt  Conei. 
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Penetration  of  DRB398  Cones 
At  High  Spin  Rates 

The  penetration  spin  rate  behavior  of 
DRB398  copper  cones  has  been  well  es- 
tablished between  the  spin  rates  of  -25 
rps  and  +30  rps>  These  data  have  been 
presented  in  Fig.  6 of  the  Twenty -Seventh 
Progress  Report.  The  tests  have  been 
continued  and  data  are  now  available  for 
spin  rates  up  to  250  rps.  In  this  experi- 
ment the  bases  of  the  cones  were  modified 


to  provide  a small  clamping  flange.  Fig. 
35  shows  the  cone  (DR339SHvV  3 item  i) 
and  Fig.  36  shows  a DR.C376  test  assembly 
with  No.  2 nose  ring.  The  inspection 
data  for  these  cones  are  shown  in  Table 
XVI  and  the  penetration  data  are  pre- 
sented in  Table  XVII  and  Fig.  37.  The 
dotted  curve  shown  in  Fig.  37  is  for  the 
earlier  data.  (Fig,  6 of  the  Twenty -Seventh 
Progress  Report).  The  agreement  is  ex- 
cellent. 


0.  ALL  INDICATED  SuSfACCS  MuVT  BE  COnCEnTE'C  WITHIN  COSTHE.  With  EE *K(Tri- 
C.  Atu  IMDICATED  SURTACES  Must  BG  Flat  I PARALLEL  ^iThin  .003  TI.R.  4 PERPENOICUL.AK- 
to  2;  or  PACT. 

D IN  -r*4|S  HGiON  VARIATION  : N STg*  1*  R Th  idCNEGS  OP  WAiL  SlAll  wCt 

EXCECD  .OOi.  in  ANY  AXIAL-  PuANE,  ✓AeiftTiOw  C-F  WAu.  TmCifNeS'i  IN  ANY 
:r  • PLANE  Nb NALL  Not  EXCEED  .Oot 

_JE.  PEePTRRFO  HATCC  Al'  OXYGEh  FBeE;NOCFSiDUAL  DEOXiDANTS_  CO  P^ET  W.  ■ 


Fig.  35.  DRB398  HW3  Item  I Cone. 
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Table  XVI 
Inspection  Data 
DRB39S  HW3  Item  I Cone* 


9 


I 


» 


1 


C a n ft 

Wo  1 1 

Thickness 

Mox.  Wall  Thickness 

Max. 

Woi ! 

Conceniricity  T.  1.  R.  >/*  | 

(inches) 

Variation(in.) 

wavlness  (in.) 

Bose 

Apex 

Cane  Tip  in 

No. 

Htfax 

Min. 

Avg. 

Tronsverse|  Longitud. 

0.  D. 

I.D. 

Datum 

Do  t u m 

A ssem  bl  y 

Specification 
DRB398  . 105 

. 100 

... 

.002 

.0  06 

.003 

.003 

. 0030 

. 0030 

.015  (Nominal) 

HW3  Item  I 
Cones 

R56 

. 103 

. 100 

. 1016 

.002 

.003 

.002 

.003 

.0  07.  n 

• 0 b 1 0 

. 002 

R57 

.105 

. 102 

. 1040 

.003 

.003 

.003 

.004 

.002 

. 0020 

.003 

”58 

. 104 

. 102 

. 1024 

.002 

.002 

.003 

.003 

.002 

. 0020 

.002 

R59 

. 104 

. 101 

. 1021 

.002 

.002 

.003 

.002 

.003 

.0  020 

.003 

R60 

. 103 

. 101 

. 1020 

.002 

.002 

.002 

.002 

.002 

.0010 

.003 

R6i 

. 100 

.096 

.0988 

.0  02 

.004 

.004 

.0  04 

.002 

.0010 

.004 

R62 

. 103 

. 100 

. 1013 

.0  02 

.0  02 

.0  03 

.002 

.002 

.0  020 

.006 

R63 

. 101 

.099 

.0999 

.001 

.002 

.003 

.002 

.004 

.0030 

.002 

R64 

.103 

. 100 

. 1018 

.0  02 

.002 

.002 

.002 

.004 

.0040 

.003 

R65 

. 102 

. 100 

. 1014 

.001 

.001 

.001 

.003 

.0  02 

. 0010 

.002 

R66 

. 102 

. 100 

. 1011 

.002 

.002 

.0  02 

.003 

.003 

.0020 

.002 

R67 

. 101 

.098 

. 1000 

.003 

. 002 

.003 

.003 

.0  02 

. 0020 

.003 

R68 

. 104 

. 102 

. 1029 

.002 

.002 

.002 

.0  02 

.002 

.0030 

. 005 

R69 

.103 

. 100 

. 1014 

.003 

.001 

.002 

.001 

.002 

.0030 

. 010 

R70 

. 104 

. 101 

. 1024 

.003 

.002 

.002 

.0  02 

.001 

.0020 

.009 

R 71 

. 104 

. 102 

. 1029 

. 002 

.002 

.002 

.002 

. 002 

.0020 

. 002 

R72 

. 102 

.098 

. 1003 

.004 

.003 

.002 

.003 

.002 

.0020 

.006 

R73 

. 103 

. 101 

. 1016 

. 002 

.002 

. 002 

. 002 

.002 

< .0010 

. 002 

R74 

. 102 

. 100 

. 1009 

. 002 

.002 

. 002 

. 002 

. 002 

. 0010 

. 006 

R75 

.104 

. 100 

. 1023 

. 004 

.002 

. 003 

.0  02 

. 001 

. 0020 

.002 

R76 

. 103 

. 10  1 

. 10  19 

. 002 

.002 

* 003 

.002 

. 002 

. 0020 

.007 

R77 

. 107 

. 101 

. 1034 

.005 

.004 

. 002 

. 004 

.003 

. 0040 

. 002 

R78 

. 105 

. 102 

. 1034 

. 002 

.002 

. 002 

.002 

.002 

.0010 

. 003 

R79 

. 103 

. 102 

. 1026 

.001 

.001 

. 002 

. 005 

. 002 

. 0020 

. 004 

R80 

.105 

. 102 

• 1 0 36 

. 00  3 

. 002 

. 002 

. 003 

. 002 

. 0020 

.006 

R81 

. 105 

. 103 

. 1041 

. 002 

.002 

. 002 

.0  02 

. 001 

. 0020 

.0  02 

R82 

.105 

. 102 

. 1038 

. 003 

.002 

. 002 

.002 

. 002 

. 0020 

.004 

R83 

. 102 

.098 

. 1000 

,004 

. 002 

. 003 

. 002 

. 002 

. 0010 

.001 

R84 

. 101 

. 100 

. 1006 

. 00  1 

. 001 

. 002 

. 002 

. 002 

. 0020 

.0  08 

R85 

. 101 

. 100 

. 1005 

.001 

.001 

. 002 

. 003 

. 003 

. 0030 

. 005 

Avg. 

.1031 

. 1005 

. 1018 

. 0023 

. 0021 

. 002  3 

. 0025 

.0022  .0020 

. 0040 

Std. 

Dev. 

+ . 001 

5 +.0  016 

+ .001 

+.0010 

+.0007  +.0006  +.0009  +.0007  +.0012 

+.0023 

Notes: 

1.  Lower  datum  is  .484  inch  above  base;  upper  datum  is  3 

# 30Z  inches  above  base. 

2.  The  indicated  measuremer. 

t at  each  datum  is  the  total  indicator 

runout  of  the  liner's 

outside  surface  relative  to 

the  register  diameter.  The 

difference  between  the  runout 

at  the  two 

datum  p 

.anes  is 

an  indication  of  the 

lack  of  perpendicularity  of  the  register 

plane  and 

the  liner 

's  axis. 
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Table  XVII 
Penetration  Data 
DR6398  HW3  Item  I Cones 


Round 

No. 

Lb  CompB 

R PS 

Penetroi  ion 
( inches  MS) 

r 

MoxSpreod 
( in.) 

Std  Deviation 
(in  ) 

R56 

2.  50 

0 

19. 18 

R57 

2.  46 

1 1 

19.  18 

R58 

2.46 

< 1 

22.69 

Avg.  20.  35 

3.  51 

±2.  03 

R59 

■ 

19.81 

R60 

20.  2 5 

R61 

1 

20.  06 

Avg.  20.04 

0.  44 

10.  22 

R62 

HR 

30 

1 3.  88 

R63 

11 

13.  75 

R64 

2.  46 

1 1 

. 

14.  06 
Avg.  13.90 

0.  31 

±0.  16 

R65 

45 

9.  69 

R66 

" 

9.  88 

R6  7 

2.  46 

9.  44 
Avg.  9.67 

0.  44 

±0.  22 

Rfc8 

2.46 

60 

Hi 

R69 

2.46 

R70 

2.46 

0.  31 

±0.  18 

R 7 1 

2.46 

90 

6.  56 

mmx 

2.46 

" 

7.  25 

2.48 

7.  00 

HM 

Avg.  6.94 

il).  35 

R 74 

2.4b 

5.  81 

R 7 5 

2.44 

7.  18 

R 76 

2.  44 

7.  88 

Avg.  6.96 

2.07 

±0.85 

R 77 

2.  4b 

150 

7.  06 

R78 

2.  44 

" 

6.94 

R 79 

2.46 

1 1 

5.  81 

* Avg.  6. 60 

1.25 

±0.69 

R80 

2.44 

1 80 

4.81 

R81 

2.46 

” 

4.  56 

R82 

2.46 

1 I 

4.  31 
Avg.  4,56 

0.  50 

i0.25 

R83 

2.  48 

250 

4.  69 

R 84 

2.  46 

1 ■ 

4.  94 

R85 

2.44 

1 1 

4.  38 

HHSpHSHB 

| Avg.  4.67 

0.56 

Notes: 

1.  Cones  were  drawn  DRR398  HW3  item  1 copper  cones  assembled  in  DRC376 
test  bodies,  plugs  and  No,  2 nose  rings, 

2.  Loaded  at  Ravenna  Arsenal,  i3AT  Lot  No,  34,  with  Composition  B from 
Holston  Lot  No.  4-1197. 

3.  Tested  at  Erie  Ordnance  Depot,  mild  steel  target  plate,  7.5  inch  standoff* 
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Behavior  of  Zinc  Alloys 
(Zamak  3) 

At  the  Quarterly  Meeting  of  the  Shaped 
Charge  Committee  held  January  28,  195  3, 
in  the  Ballistic  Research  Laboratory  at 
Aberdeen  Proving  Ground,  Mr,  Guy  Thro- 
ner  (Naval  Ordnance  Test  Station  , China 
Lake,  Inyokern,  California)  reported  26 
cast  Zamak  5 cones  having  an  apex  angle 
of  42.5°  and  a 4%  wall  thickness  pene- 
trated 6.2  cone  diameters  into  mild  steel 
target.  This  level  of  performance's  as 
good  as  is  normally  obtained  with  well 
made  copper  cones  of  optimum  thickness 
and  is  well  above  that  reported  for  "pure" 
zinc  cones  by  workers  at  E.I.  du  Pont  de 
Nemours  and  Co,  , (Report  for  March, 
1943,  Contract  No,  W -670-GRD-4331, 
Section  VII).  The  du  Pont  cones  were 
drawn  from  sheet  at  Frankford  Arsenal 
and  were  45°,  1.63-inch  base  diameter, 
,,037-inch  (2.27%)  wall  cones.  The  best 
average  penetration  observed  was  5.  5 
inches  (3.38  cone  diameters)  of  mild  steel. 


Since  the  performance  reported  for  zinc 
by  NOTS  was  so  good  and  since  zinc  may 
offer  certain  advantages  over  copper  foi 
use  in  shaped  charge  weapons,  the  pene- 
tration behavior  of  two  zinc  die  casting 
alloys,  U,  S.  Army,  Specification  No. 
5 7-93-2A,  Alloys  A and  B,  are  being 
deter  mined  in  this  laboratory.  The  tests 
for  standoff  penetrtition  behavior  of  Alloy 
A (Zamak  3)  cones  has  row  been  com- 
pleted. 

The  cones  employed  in  this  program 
were  made  by  machining  rough  sand  cast- 
ings to  DRB398HW3  item  2 and  3 (Fig.  35). 
The  cones  were  assembled  in  DRC376  test 
assemblies  using  No.  2 nose  rings  (Fig 
36).  The  item  2 cones  have  a wall  thick- 
ness of  .120  in,  the  item  3 cones  .140  in. 
but  the  outside  dimensions  of  the  two  ser- 
ies of  cones  are  alike. 

The  inspection  data  for  these  cones  are 
shown  in  Table  XVIII  and  the  penetration 
data  in  Table  XIX  and  in  Fig.  38. 
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Fiq.  38.  Penetration  Versus  Standoff. 


DRB398  HW3 

At  a standoff  distance  of  7.5  in.,  ap- 
proximately the  standoff  available  in  pro- 
jectiles using  a cone  3.5  in.  in  diameter,  ‘ 
the  average  penetration  of  these  Zamak 
3 cones  is  approximately  18  in.  (5.2  charge 
diameters)  compared  to  the  20.4  in.  (5.8 
charge  diameters)  observed  with  the  cop- 
per cone  controls  (Table  XVII). 

Although  there  is  no  substantial  dif- 
ference in  the  average  penetration  of  the 
.120-inch  wall  and  .140-inch  wall  cones, 
the  standard  deviation  of  the  . 140-inch 
cones  is  uniformly  less  than  for  the  .120- 
inch  wall  cones,  suggesting  that  . 140-in. 
is  closer  to  the  optimum  wall  thickness. 
The  sand  castings  from  which  these  cones 
were  machined  were  not  uniformly  dense 
and  some  of  the  porous  areas  remained 
in  the  final  cones.  It  is  possible  that  the 
. 120-inch  wall  cones  would  be  as  satis  - 
factory  as  the  heavier  cones  if  the  porosity 
was  eliminated. 

The  charges  used  in  this  test  and  also 
those  used  by  NOTS  have  reasonably  heavy 
confinement  while  the  du  Pont  charges 
were  unccnfined.  In  view  of  the  difference 
in  confinement,  past  experience  with  cop- 
per cones  would  indicate  that  the  differ- 
ence in  wall  thickness,  4%  vs  2%  is  of 
the  proper  magnitude  for  satisfactory 


Itemi  2 and  3. 

performance. 

It  is  typical  of  these  cones  that  no  slug 
remains  in  the  cavity  produced  by  the  jet. 
Presumably  because  of  the  relatively  low 
melting  point  of  zinc  the  slug  appears 
to  have  melted  and  splashed  out  between 
the  target  plates.  There  was  also  some 
evidence  of  target  shock  or  damage  be- 
yond that  normally  experienced  with  cop- 
per cones.  There  is  a steel  box  approxi- 
mately two  feet  square  and  three  feet  deep 
buried  beneath  the  penetration  table.  This 
box  is  covered  by  a 3/4 -inch  steel  plate  and 
the  target  plate  is  stacked  on  top  of  the 
steel  cover.  In  these  tests  two  rounds, 
FS1190  and  FS1210,  caused  sufficient  shock 
to  overturn  the  cover  and  to  dump  the 
target  plate  into  the  pit.  This  effect  has 
never  been  observed  in  the  testing  of  other 
rounds. 

The  excellent  performance  of  these 
Zamak  3 cones,  the  low  cost  and  availa- 
bility of  zinc,  the  high  production  possi- 
bilities of  die  cast  cones  and  the  possi- 
bility for  increased  damage  beyond  the 
target  invite  a continuation  of  the  study  of 
the  behavior  of  zinc  cones.  Zamak  5 
cones  are  now  being  manufactured  and 
their  performance  will  be  compared  with 
the  Zamak  3 cones. 
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Tcble  XVIII 
Inspection  Data 
Zamak  No.  3 Cones 


— 

Cone 

Well  Thickness 

- in 

Mox  Wall  Thickness 
Variation  - in 

Max.Woll 

(in 

Waviness 

Concentricity  in  T 1 R * | 

) 

Base  l 
Dotum 

Apex 

Dotum 

Cone  Tip 
in  Ass'y 

Fill  Ml  Dc  r 

Max. 

Min. 

Avj. 

Trans. 

Long 

O.D. 

ID 

A.  DRB398  HW3  item  2 Cones  (.120-in.  Wall) 

1 Specification 

1 

DRB-398 

. 125 

. 120 

. 002 

.006 

.006 

. 006 

.0030 

.0030 

.015  (Nominal] 

HW3 

Item  2 

Zamak  #3 

FS1183 

. 124 

. 121 

. 1226 

.002 

.002 

.001  1 

. 002 

.0050 

.0030 

. 002 

FS 1184 

. 123 

.116 

. 1209 

.005 

.007 

.001 

. 007 

.0030 

.0040 

.008 

FS1185 

. 124 

.117 

. 1216 

.004 

.006 

<.001 

. 006 

.0040 

.0080 

. 010 

FS11B6 

. 123 

. 118 

. 1206 

.002 

. 004 

. 001 

. 005 

. 0040 

.0040 

.010 

FS1187 

. 127 

.118 

. 1229 

. 005 

.006 

.001 

. 006 

.0030 

.0030 

, 009 

FS1188 

. 123 

.117 

. 1210 

. 005 

. 005 

. 001 

.005 

. 0020 

.0030 

.005 

FS 1 1 89 

. 125 

.123 

. 1244 

.001 

.002 

.001 

. 002 

. 0040 

s 0030 

.002 

FS1190 

. 124 

. 121 

. 1226 

.002 

.002 

. 001 

. 002 

.0030 

. GCCu 

.O0± 

FS1191 

. 124 

. 122 

. 1230 

.002 

.001 

. 001 

. 003 

. 0020 

.0010 

.004 

FS1192 

. 124 

.123 

. 1233 

.001 

<.001 

. 001 

.001 

.00  30 

.0020 

.005 

FS 1193 

. 125 

. 121 

. 1231 

.002 

.002 

. 001 

.003 

.0030 

. 0010 

.003 

FS1194 

. 124 

. 121 

. 1226 

.001 

.003 

.001 

. 003 

. 0030 

.0020 

.005 

FS1 195 

. 122 

.124 

. ’230 

• 001 

.002 

. 001 

. 002 

.0020 

.0030 

.009 

FS1196 

. 125 

. 124 

. 1245 

. 001 

<.001 

.001 

.001 

_ CZ'iO 

. OU6C 

003 

FS1197 

. i Z£. 

. 120 

.1211 

.001 

.002 

.001 

. 003 

.0030 

.0010 

.001 

Avg. 

. 1239 

.1204 

. 1225 

.0023 

. 0029 

. 0010 

.0034 

.0032 

.0031 

.0053 

Std. 

Dev. 

±. 001 3 

±.007.6  ±.0012 

±.0016 

±.0023  --- 

±.  0019  ±.0009  ±.0019 

±.0031 

B.  DRB398  HW3  Item 

3 Cones  (.140-in 

Wall) 

1 Specification 

DRB398 

HW3 

. 145 

. 140 

— 

.002 

.006 

.006 

.006 

.0030 

.0030 

.015  (Nominal] 

Item  3 

1 Zamak  #3 

C'-'nes 

FS 1198 

. 146 

. 138 

. 1425 

.004 

.006 

.001 

.006 

.0040 

.00  50 

.001 

FS1199 

. 147 

. 138 

. 1433 

.003 

.007 

.001 

. 007 

.0020 

. nn30 

.006 

FS1200 

. 150 

.143 

. 1471 

.005 

.005 

.001 

. 005 

.0030 

.0030 

.004 

FS 120 1 

. 146 

. 141 

. 1435 

.001 

. 004 

. 001 

. 004 

.0030 

.0050 

,003 

FS1202 

. 147 

. 141 

. 1438 

.004 

.005 

. 001 

. 005 

.0060 

.0060 

.005 

FS1203 

. 144 

.136 

. 1410 

.005 

.007 

.001 

. 006 

.0030 

.0010 

1TTM— 

FS 1204 

. 148 

. 139 

. 1440 

.006 

.005 

.001 

. 005 

. 0040 

. 0050 

.005 

FS1205 

. 149 

. 141 

. 1443 

.008 

.006 

. 001 

. 006 

t 00 69 

.0090 

.005 

FS1206 

. 147 

. 137 

. 1429 

.006 

.006 

.001 

. 006 

.0030 

. 0050 

.009 

FS1207 

. 145 

. 140 

. 1424 

.002 

.005 

.001 

. 004 

,0020 

.0010 

.011 

FS1208 

. 144 

. 140 

. 1420 

. 001 

.004 

<•001 

. 003 

. 0030 

.0020 

.009 

FS1209 

. 145 

.139 

. 1425 

.002 

.006 

.001 

. 006 

. 0030 

.0030 

.005 

FS1210 

. 145 

. 138 

. 1429 

.005 

.006 

.001 

. 006 

.0020 

,0030 

.001 

FS121 1 

. 147 

. 139 

. 1434 

.004 

.005 

.001 

. 005 

.0070 

.0060 

.006 

FS1212 

. 146 

. 139 

. 1430 

.003 

.006 

.001 

, 006 

. 0020 

.0030 

.004 

Avg. 

. 1464 

. 1393 

. 1432 

.0039 

.0055 

.0010 

.0053 

.0035 

.0039 

.0051 

Std. 

Dev. 

±.0017  ±.0018  ±.0013 

±.  OOi  5 

i.0009  — - 

±.0019  ±.0016  ±.0022 

±.0028 

Notes: 

1.  Lower  datum  is  .484  inch  above  base;  upper  datum  is  1,202  inches  above  base. 


2.  The  indicated  measurement  at  each  datum  is  the  total  indicator  runout  of  the  liner's 
outside  surface  relative  to  the  register  diameter..  The  difference  between  the  runout 
at  the  two  datum  planes  is  an  indication  of  the  lack  of  perpendicularity  of  the  register 
plane  ar.d  the  liner's  axis. 
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Table  XIX 
Penetration  Data 
Zamak  No.  3 Cones 


Round  No 

Lb.CompB 

Standoff 

(in) 

Penetration 
( inchesM.S) 

Max  Spread 
( in. ) 

Std.  Deviation 
(in.) 

A.  DRB398  HW3  Item  2 Cones  (.120-in.  Wall) 

1 FSl 183 

2.  13 

16.  50 

1 FSl 184 

2.48 

18.  00 

FSl 185 

2.  48 

19.  12 

FSl 186 

2.48 

14.94 

FSl 187 

2.  50 

1 

17.69 

mm 

Avg,  17.25 

4.18 

±1.59 

FSl 188 

2.48 

15.0 

22.  18 

FSl 189 

2.48 

15.0 

16.  18 

FSl 1 90 

2.50 

15.0 

19.  88 

FSl 191 

2.  50 

1 5.  0 

22.  18 

FSl 192 

2.48 

i s;  n 

16.62 

Avg.  19.41 

6.  00 

±2.  9 1 

FS 119  3 

2.46 

22.5 

20.  00 

FSl  194 

2.48 

22.5 

20.50 

FSl 195 

2.50 

22.  5 

16.06 

FSl  196 

2.48 

22.5 

14.  25 

FSl  197 

2.48 

22.  5 

14.  25 

Avg.  17.01 

6.25 

±3.  05 

j B.  DRB398  HW3  Item  3 Cones  (.140-in.  Wall) 

FSl lv6 

B9 

7.  5 

19.  38 

FSl 199 

7.  5 

17.69 

FSl 200 

2.46 

7.  5 

18.  81 

FSl 201 

2.48 

7. 

17.  31 

FS 1 202 

2.48 

7,  5 

18.  88 

Avg.  18.41 

2.07 

±.87 

KS  i 203 

■HI 

15.  25 

FSl 2 04 

ns 

18.94 

FS  1205 

2.48 

15.0 

21.12 

FS  1206 

2.46 

15.  0 

19.  25 

FSl 207 

2.  48 

15.0 

18.12 

Avg.  18.  5-1 

5,87 

±2.  14 

FSl 208 

2.48 

22.5 

19.  12 

FSl 209 

2.48 

22.  5 

15.12 

FS  1 2 1 0 

2.48 

22.  5 

19.  18 

FS 1211 

2.  50 

22.5 

19.  31 

FSl  2 1 2 

2.48 

22.  5 

19.  38 

Avg.  19.22 

0.  26 

±.  12 

Notes: 

1 , Cone 

s were  assembled  in  DRC376  test  bodies 

plugs  and  No. 

2 nose  rings. 

2.  Loaded  at  Ravenna  Arsenal, 

BAT  Lot  No.  34 

with  Composition  13  Irom  Hclston  Lot  No.  4-R97J 

3.  All  were  tested  against  mild 

steel  target  at  zero  rps  at  Erie 

Ordnance  Depot.  | 

4.  It  is 

typical  of  these  cones  that  no  slug  remained  in  the  cavity.  There  was  some  evidence 

of  increased  target  damage  beyond  that  normally  noted  with  copper  cones.  Rd.  FS1210  lifted  1 

the  stack  of  target  plate  and  lifted  a steel  plate 

covering  a pit  below  the  table.  The  target 

plate 

then  foil  into  the  pit.  This  effect  has  not  been  experienced  with  other  types  of  cones. 
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Effect  of  Tee  Configuration  and  pressed  in,  or  snap  ring  cones,  some 

of  both  types  are  included  in  the  present 
The  effect  of  interior  tee  design  upon  experiments, 
penetration  has  been  reported  in  several 

earlier  reports  (Twenty-Sixth,  Twenty-  Drawn  copper  cones  (DRB398-7) were 

Seventh,  Twenty-Ninth,  Thirtieth  and  assembled  in  DRC376  test  assemblies 

Thirty-Third),  Additional  experiments  using  nose  rings  and  various  tees.  Fig. 

in  this  program  have  now  been  completed.  39  shews  the  various  tee  modifications 

It  was  shown  in  the  Thirtieth  Progress  studied.  Figs.  35  and  36  shew  the  flange 

Report  that  the  DRC314HW11  tee  has  only  type  cone  (DRB398HW3  item  l)  with  nose 

a very  slight  detrimental  effect  upon  pene  - ring  No.  2,  and  Fig.  12  of  the  Thirty- 

tration.  This  tee  has  a large  bore  ex-  Third  Progress  Report  shews  a typical 

tending  nearly  to  the  nose  end  of  the  tee.  assembly  of  the  pressed-in  type  of  cone 

This  large  bore  reduces  the  weight  of  (DRB398)  with  a No.  1 nose  ring, 

the  tee  and  moves  the  C,G,  of  the  pro- 
jectile rearward.  In  an  effort  to  determine  Inspection  data  for  the  DRB 398-7  cones 

the  minimum  length  of  . 875-inch  diameter  are  shown  in  Table  XX  and  for  DRB398HW3 

counterbore  required, two  additional  tees,  item  1 cones  in  Table  XXI.  Penetration 

DRC314HW18  and  DRC314HW19,  have  been  data  for  the  two  series  of  cones  are  shown 

tested.  They  differ  from  DRC314HW11  only  in  Tables  XXII  and  XXIII.  The  following  j 

in  the  depth  of  counterbore.  To  obtain  tabulation  summarizes  the  penetration 

a direct  comparison  between  flanged  cones  cf  the  various  modifications. 

DRB39eDRB398HW3 
item  I 


Nose  Ring  20.40  21.  12 

DRC314  (Standard  tee)  16.10  17.36 

DRC314  HW 11  (bore  extends  6.  56  inches  from  base  of  cone)  20.  19  19.  36 

DRC314  HW18  ( " " 4,56  " " " " " 20.43 

DRC314  HW19  ( " ” 2.56  " " " " " 19.97 


\ 


Fig.  39.  Various  Tee  Modifications. 

For  Penttration  Studie*. 
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It  is  evident  that  the  deep  counterbore 
of  the  DRC314HW11  tee  is  not  necessary. 
Although  the  counterbore  of  DRC314HW19, 
which  extends  to  a distance  of  2.  56  inches 
from  the  base,  seems  to  offer  some  slight 
resistance  to  penetration  in  this  test  it 
should  be  noted  that  the  penetration  with 
this  tee  is  as  great  as  has  been  obtained 
using  DRC314HW11  tees  in  several  earlier 
tests.  (Ex.  Thirtieth  and  Thirty-Third 
Progress  Reports).  The  changes  in  the 
basic  DRC314  tee  required  for  the  HWT9 
modification  are  quite  slight  and  cause 
only  a small  change  in  weight  and  C.G. 


location.  It  is  therefore  recommended 
that  any  projectiles  made  using  a tee  or 
spike  boom  be  so  designed  as  to  provide 
a free  space  in  front  of  the  cone  at  ieast 
as  large  as  that  provided  by  the  DRC314 
HW19  tee.  As  described  in  the  Supple- 
ment to  the  Thirty-Fifth  Progress  Report 
there  is  some  evidence  that  even  the  DRC 
314HW11  tee  causes  a considerable  re- 
duction in  penetration  on  dynamic  firings 
against  inclined  plate.  It  would  there- 
fore be  very  desirable  to  provide  as  large 
a free  space  as  possible  in  new  projectile 
designs. 


Table  XX 
Inspection  Data 
DM398-7  Cones 


Cone 

Well 

Thickness 

Max. Wall  Thickness 

Mix.  Wall 

C o 

n c e n t ri 

ci  tv  T.  1 R 12 

(inches) 

Variatlon(lnch) 

Wav! ness  (In.) 

Base 

A pex 

Spitback  T ube 

No. 

Mox.  | 

Min. 

Avg. 

Trans  verse|Langltud. 

0.  D. 

L _»•£>• 

Datum 

Datum 

in  Assembly 

Specification 
ORB398-7  . 105 

. 100 

.002 

. 006 

.006 

.006 

.0030 

.0030 

. 015  (Nominal) 

Cones 

IR443 

. 104 

7Toi~ 

."To  2 1 

.00~2  “ 

r.ooi 

.“ooi 

" . oTi 

. o oTo 

r0020“ 

.010 

R444 

. 103 

.101 

. 1020 

. 002 

. 001 

.001 

. 002 

.0020 

.0030 

. 008 

R445 

.100 

.099 

. 0998 

.001 

.001 

.001 

. 002 

. 0020 

.0020 

.006 

R446 

. 102 

.099 

. 101  1 

. 003 

.003 

. 001 

. 002 

.0020 

.0030 

. 014 

R44  7 

. 102 

. 100 

. 1013 

.002 

.002 

. 001 

, 001 

.0030 

. 0020 

.011 

R448 

. 104 

.103 

. 1033 

. 001 

.001 

.002 

.002 

.0030 

.0040 

.016 

R449 

. 105 

. 104 

. 1046 

.001 

.001 

. 002 

. 002 

. 0020 

.0030 

. 005 

R450 

. 100 

.098 

. 0993 

.002 

.002 

.002 

. 002 

. 0030 

.0020 

.003 

R451 

. 100 

.098 

.0993 

. 002 

. 002 

. 001 

. 001 

. 0020 

.0050 

. 006 

R452 

. 105 

. 103 

. 1041 

. 002 

. 00! 

. 001 

.002 

. 0030 

. 0030 

. 004 

R453 

, 10J_ 

.099  - 

, 1001 

.001 

.001 

. 001 

. 001 

. 0020 

.0020 

. 007 

R454 

. 105 

. 1 04 

. 1048 

. 001 

. 001 

.001 

. 001 

. 0030 

. 0020 

. 002 

R455 

. 101 

.099 

. 1001 

. 001 

. 001 

. 001 

. 002 

. 0010 

. 0020 

.009 

R456 

. 099 

. 097 

. 0978 

.001 

. 001 

.001 

. 002 

. 0010 

. 0020 

.015 

R457 

. 102 

. 100 

. 1008 

. 002 

.002 

. 002 

. 002 

. 0020 

.0020 

. 007 

R4S8 

. 105 

. 103 

. 1043 

. 002 

.001 

.002 

. 002 

. 0040 

. 0050 

. 006 

R4  59 

. 100 

. 097 

. 0980 

. 003 

, 003 

. 002 

. 002 

. 0020 

. 0020 

.0  05 

R460 

. 101 

. 100 

. 1003 

. 001 

. 001 

.001 

. 001 

. 0020 

. 0030 

. 009 

R461 

. 103 

. i02 

. 1026 

.001 

. 001 

.001 

. 001 

. 0020 

. 0030 

.017 

R462 

. 102 

. 100 

. 1008 

. 002 

. 002 

. 001 

. 001 

. 00 1 0 

.0010 

. 002 

R463 

. 107 

. 105 

. 1059 

.001 

.001 

.032 

. 001 

. 0020 

. 0020 

.016 

R464 

. 100 

.099 

. 0999 

. 001 

. 001 

. 002 

.001 

. 0020 

.0030 

.012 

R465 

. 102 

. 101 

.1012 

.001 

. 001 

.002 

. 001 

. 0020 

. 0020 

. 008 

R466 

. 101 

.099 

.1003 

. 002 

. 002 

. 001 

. 002 

. 0010 

. 0050 

.003 

R4  67 

. 103 

. 102 

. 1024 

. 001 

. 001 

.002 

.002 

. 0020 

.0030 

. 007 

Avg. 

.1023 

. 1003 

.1014 

. 0016 

. 0014 

. 0014 

.0016 

. 0021 

.0027 

.0083 

Std. 

Dev, 

+ .0020  +.0022  +.  0021 

+ . 0007 

+. 0005 

+. 0005 

+ . 0005  +.000 

7 +.  001  1 

+ .0044 

1 Notes: 

1 1.  The 

lower  datum  is 

.484  inch 

above  base;  the  upper  datum  is  3.  202  inches 

above  base. 

2.  The 

indicated  measurement  at  each  datum  is  the  total  indicator  runout  of  the  liner1 

s 

outside  surface  relative  to  the  register  diameter.  The  diftcrence 

between 

the  runout 

at  t 

ie  twe  datum  pi 

mes  . s a n 

indication  of  the  lack  of  perpendicularity  of  the  register 

plane  and  the  liner’ 

ax;  ; . 
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Table  XXI 
Inspection  Data 
HRD398  HW 3 Item  I Cones 


Cane 

Na. 

Wall 

Thlc  kness 
ip  che  Si 

Max.Woil  Thickness 

Cc 

Base  « 
Oatun 

n C e n t r i 
Apex 
Da  turn 

:it  » T I R*1* 
Cane  Tip  in 
A £ s embly 

Min. 

Avg 

tm 

BETHEL! 

■aolUH 

Specification 

PRB398 

.105 

. 100 

— 

.0  02 

. 006 

. 0 06 

. 006 

. 0030 

.0030 

. 01  5("Nominal) 

HW3  ttem  1 

cones. 

R 1 

.099 

.098 

.0983 

.001 

. 001 

. 0C3 

. 002 

. 0020 

.0020 

.005 

R2 

• 101 

. 100 

. 1003 

. 001 

. 001 

. 003 

. 00  3 

. 0030 

.0010 

. 006 

R 3 

. >03 

. 102 

. 1021 

. 001 

. 001 

. 003 

. 003 

. 0020 

. 00  30 

. 004 

R4 

.098 

. 100 

.0995 

. 002 

.0  02 

. 003 

. 003 

. 0020 

.0020 

. 005 

R 5 

.101 

. 100 

. 1006 

. 001 

. 001 

. 004 

. 00  3 

. 0030 

.0020 

.004 

R6 

. 10C 

. 100 

. 1000 

<.  001 

<.001 

.003 

.003 

.0020 

. 0010 

. 00  3 

R7 

• 101 

. 100 

.1008 

. 001 

. 001 

. 004 

.003 

. 0030 

.0030 

. 00  7 

R8 

. 100 

. 100 

. 1000 

<.  CC1 

<.001 

. 003 

. 002 

.0020 

. 0010 

.003 

R9 

. 1C3 

. 102 

. 1029 

.001 

.00  » 

.003 

.00  3 

. 0020 

.0030 

. 004 

RIO 

. 104 

. 19? 

- 1031 

. 0C1 

. 001 

. 003 

.00  3 

. 0030 

.0030 

.00  3 

R 1 1 

.099 

. 0/7 

.0979 

. 002 

.001 

.00  3 

.003 

.0010 

.0020 

.006 

R 1 2 

. 100 

.097 

.0999 

. 001 

.001 

. 002 

.002 

.0020 

. 00  30 

.005 

R 1 3 

.102 

.099 

. 1003 

. 002 

.003 

. 003 

.003 

. 0020 

.0020 

. 003 

R 1 4 

. 103 

. 102 

. 1028 

.001 

.001 

. 003 

. 003 

.0020 

.0030 

. 00  3 

R 1 5 

. 103 

. 102 

.1028 

. 001 

. 001 

. 003 

. 003 

.0010 

. 0020 

. 006 

Average  .1011 

.1003 

. 1008 

. 0010 

.0010 

. 0031 

.0028 

. 0021 

. 0022 

.0045 

Std. 

♦.0016  *.0017 

♦ .0016 

... 

♦.0005 

♦.0005 

♦.0007  *.0008 

♦.0011 

Note  a: 

1 The  lower  datum  is  . 484  inch  above  base;  the  upper  datum  is  3.202  inches  above  base. 

Z.  The  indicated  measurement  at  each  datum  is  the  total  indicator  runout  of  the  liner's  outside 

surface  relati>e  to  the  register  diameter.  The  difference  between  the  runout  at  the  two  datum 
planes  is  an  indication  of  the  lack  of  perpendicularity  between  the  register  plane  and  the  liner's 


Table  XXII 
Penetration  Data 
DRB398-7  Cones 


Round 

No 

Type  Te  e 

Comp  R 
(lbs.) 

P e ne  tratian 
fine  hes  M S ) 

Max.  Spread 
(inches) 

Standard  0e  vi a flan 
(Inches) 

R443 

No.  1 Nose  Ring 

2.58 

20.81 

R444 



2.56 

2 0.  12 

R445 



2.58 

21.  12 

R446 



2.58 

2 0.0C 

R447 

» ..  .. 

2.56 

19.94 

Avg.  20.40 

1.  18 

♦ .53 

K448 

DRC314 

2.60 

1 7.  31 

R449 

2.60 

17.62 

R450 

2.58 

15.  81 

R451 

" 

2.60 

16.  38 

R452 

2.60 

1 3.  38 

Avg.  1 6.  1 0 

♦ 1.68 

R453 

DRC314LWU 

2.  fc  2 

19.26 

R454 

" 

2.60 

21.  81 

R455 

2.60 

1 *♦.  31 

R4S6 

2.60 

19.69 

R457 

" 

2.60 

20.  88 

Avg.  20.18 

2.56 

♦ 1.12 

R458 

DRC314MW  18 

2.60 

19.  12 

R459 

" 

2.58 

( 12.06)* 

R460 

2.58 

20.50 

R461 

2.60 

21.62 

R462 

** 

2.60 

20.  38 

Avg.  20.41 

2.  50 

♦ 1.03 

R463 

DRC3I4HW19 

2.60 

22.  31 

R464 

" 

2.60 

2 1.16 

R465 

2.6C 

20.  19 

R466 

2.60 

10.50 

R467 

" 

2.62 

11.69 

Avg.  19.97 

4.62 

♦ 1.89 

Notes; 

1.  Rounds  were  assembled  in  ORC376  test  bodies,  plugs  and  indicated  tees  and  rings. 

2.  Loaded  at  Ravenna  Arsenal.  RAT  L.ot  No.  3 3 with  Composition  ft  from  Hntston  Lot  No.  4-1197. 

3.  Tested  at  Erie  Ordnance  Depot  at  a standoff  of  7.5  inches  and  at  0 rps. 

4.  Jet  went  through  side  of  tee.  Not  included  in  average. 
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Table  XXIII 
Penetration  Data 
DRS39S  HW3  Item  I Cones 


Rou  nr) 
No. 

Tee 

Comp  B 
(lbs.) 

Penetro  lion 
(inches  M S) 

Mat.  Spreod 
(inches) 

$td  Deviation 
(inches) 

hi 

No.  2 Nose  Ring 

2.46 

21.69 

R2 

" 

2.46 

22.62 

R3 

" 

2.4b 

21.94 

R4 

2.48 

22.81 

R5 

■* 

2.46 

Avg.  21.12 

1.  25 

+ .56 

R6 

DRC314 

2.48 

16.  62 

R 7 

*' 

2.  50 

17.81 

R8 

" 

2.50 

18.  12 

R9 

ii 

2.50 

16.56 

RIO 

** 

2.48 

17.69 

Avg.  17,36 

1. 56 

+ . 72 

R 1 1 

DRC314HW 11 

2.54 

19.  56 

R12 

" 

2.48 

17.88 

R13 

" 

2.50 

21.00 

RU 

" 

2.48 

18.  18 

R 15 

" 

2.48 

20.  18 

MMSBml: 

3.  12 

+ 1.  32 

Notes: 

1.  Rounds  were  assembled  in  DRC376  test  bodies  and  plugs.  Nose  ring  and  tees 
were  as  indicated. 

2.  Rounds  were  loaded  at  Ravenna  Arsenal,  BAT  Lot  No. 33  with  Composition  B 
from  Holston  Lot  No.  4-1197. 

3.  All  rounds  were  tested  at  Eric  Ordnance  Depot  at  a standoff  of  7.  5 inches  and 
at  0 rps . 


ft 

Production  Control 
M344  (T119E11)  Projectiles 

Ten  M344  (T119EI1)  prototype  projectiles 
were  withdrawn  from  production  and  pre- 
ft  pared  for  static  penetration  tests  by  re- 

placing the  fin  and  chamber  assembly  with 
a DRB861  base  plug.  Fig.  4U  shows  the 
assembly  as  tested.  These  assemblies 
contained  DRB398-9  cones,  Fig.  41  , which 


included  all  latest  modifications  to  the 
cone.  The  rounds  were  fired  without  ro- 
tation against  mild  steel  target  at  a stand- 
off l/8  in.  longer  than  that  provided  by  the 
ogive  and  cap  (9.35  in.  from  cone  base 
to  target).  The  penetration  data  are  shown 
in  Table  XXIV.  The  average  penetration 
of  30.56  in.  indicates  normal  performance 
for  this  cone  at  the  indicated  standoff 
d istance. 


I 


I 
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Table  XXIV 
Penetration  Data 
M344  (7119111)  Production  Control 


Round 

No. 


X780 

X781 

X782 

X783 

X784 

X785 

X786 


Lb. Comp  B 


2.  88 
2.  88 
2.90 
2.  90 
2.  88 
2.  88 
2.  88 
2.88 
2.90 
2.  88 


Penetration 

(inchesM.S) 


21.56 
20.  00 
2 0.  50 
18.  62 
20.  06 
2C.44 
21.  81 

20.  38 
21.06 

21.  12 

ve.  20. 56 


Avg. 


Std  Dev 

Concentricity  T.I.R. 

(in.) 

Cone  Apex 

Ogive  Ti  p 

. 002 

. 007 

. 004 

, 025 

.005 

. 007 

.005 

. 013 

. 005 

.008 

. 005 

.003 

. 010 

.013 

. 003 

.011 

. 006 

. 008 

±0.91 

. 007 

.016 

Notes: 

1.  Rounds  consist  of  DRB861  base  plugs,  DRC497  bodies,  DRC.542  ogives, 
DRA699  caps  and  DRB398-9  copper  cones. 

2.  Loaded  at  Ravenna  Arsenal,  BAT  Lot  No.  33  with  Composition  B from 
Holston  Lot  No.  4-1197. 

3.  Tested  against  mild  steel  target  plate  at  Erie  Ordnance  Depot  using  a 
standoff  distance  of  l/8"  from  the  nose  cap  to  target  (9.35  inches  from 
cone  base  to  target)  0 rps. 
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^ Future 

1.  Conet  made  of  Zamak  5 and  alumi- 
num are  to  be  tested  for  penetration  be- 
havior. Penetrations  approaching  those  of 
copper  cones  have  been  obtained  for  cer- 
tain aluminum  and  zinc  alloys. 

1 

2.  Composite  Cone  Study 

A series  of  tests  of  bimetal  cones  with 
aluminum  liners  and  copper  shells  are 
being  manufactured  for  testing. 

} 

a„  . 080-inch  thick  copper  shell  and 
.020  and  .040-inch  aluminum  insert  (24S- 
T4). 

b.  .100-inch  thick  copper  shell  and 

_ .020  and  .040-inch  aluminum  insert  (24S- 

® T4). 

c.  Same  as  (a)  and  (b)  but  using  2S-F 
aluminum  instead  of  24S-T4. 

d.  Same  as  (b)  but  using  two  stamped 

| 2S  inserts  in  each  cone. 

e.  Same  as  (b)  except  aluminum  is 
sprayed  (metalized)  into  inside  of  cone 
and  then  machined  to  final  dimensions. 


Program 

3.  Evaluation  of  Cones  made  by 
"Spinning". 

Forty-two  copper  cones  manufactured 
by  a spinning  process  will  be  tested  for 
penetration  behavior  and  compared  with 
cones  made  by  other  methods.  These  cones 
are  P83580A1  cones  designed  for  use  in  the 
90mm  T108E40  projectile. 

4.  Evaluation  of  Cones  Made  by 
Electroforming 

A series  of  DRB681  copper  cones  made 
by  an  electroforming  method  are  being 
manufactured  for  comparison  with  ma- 
chined cones. 

5.  Effect  of  T119E11  Body  Length 
Upon  Penetration 

A new  TU9  type  projectile  with  a short 
body  is  being  manufactured  for  test.  The 
penetration  performance  of  this  projectile 
is  to  be  compared  with  the  T119E11  and 
the  standard  penetration  assembly. 


I 


* 


1 
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FUZES 


T267E14  Type  iSase  Element 

The  last  reported  test  firing  of  the 
T267E14  fuze  (Thirty -Sixth  Progress  Re- 
port, page  38)  was  satisfactory  for  super - 
quick  function  but  unsatisfactory  for  de- 
lay function,  A modification  was  shown 
which  improved  the  functioning  of  the  de- 
lay explosive  train  in  air  gun  tests  (Fig, 
33,  Thirty-Sixth  Progress  Report), 

Ten  fuzes  with  this  modification  were 
prepared  and  fired  at  Erie  Ordnance  De- 
pot, All  ten  fuzes  were  set  delay.  A 
4-inch  wood  screen  at  200  yards  was  the 
target.  Eight  fuzes  functioned  satis- 
factorily. It  was  discovered  later  that  the 
tetryi  pellet  had  been  omitted  from  one 
base  element  and  it  is  presumed  that  this 
accounts  for  one  of  the  two  fuze  failures. 
The  firing  record  is  given  in  Table  XXV. 

Air  gun  tests  were  conducted  on  the 
inertia  portion  of  the  T267E14  fuze.  Fig. 

| 42  shows  the  g's  required  to  function  the 

inertia  element  for  four  different  impact 
media.  The  dense  material  stops  the 
projectile  so  quickly  that  deceleration 
is  completed  before  the  inertia  element 
has  completed  its  action.  Therefore, 
the  inertia  element  must  have  sufficient 
kinetic  energy,  when  deceleration  ceases, 


to  complete  its  travel.  In  the  lighter  media 
the  deceleration  lasts  longer  and  impulse 
time  is  sufficient  to  cause  functioning. 
Since  graze  impact  falls  into  this  latter 
class  it  appears  that  graze  functioning 
of  the  T267E14  will  occur  with  approxi- 
mately 200  g's  deceleration  providing 
the  deceleration  time  is  sufficiently  long. 

T223E2  Fuze 

Fourteen  T223E2  fuzes  (Twenty -Fifth, 
Twenty -Sixth,  Twenty-Eighth  and  Thirty- 
Second  Progress  Reports)  were  tested  at 
Erie  Ordnance  Depot.  The  firing  record 
appears  in  Table  XXVI.  Seven  each  of 
two  types,  varying  only  in  the  position 
of  the  center  of  gravity  of  the  rotor,  and 
therefore  in  arming  time,  were  tested. 
Four  of  the  fourteen  functioned. 

Because  of  consistently  poor  results, 
difficulties  in  assembly,  and  the  present 
lack  of  interest  in  the  T138E57  projectile, 
no  further  development  of  this  fuze  is 
planned. 

Tima  Fuze 

Pilot  models  of  the  Firestone  time 
fuze  (Fig.  14,  Thirty-Third  Progress 
Report)  are  currently  being  fabricated. 


I 


Future  Program 


1.  Fire  T267E14  base  elements  for 
graze  functioning  at  Aberdeen  Proving 
Ground. 


Z.  Manufacture  and  test  100  T267  fuzes 
incorporating  crystal  shorting  switches. 


i 
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MANUFACTURING  SUMMARY 


In  addition  to  the  experimental  material 
prepared  for  the  research  and  develop- 
ment work  under  contracts  DA-33-019- 
ORD-3;  and  DA-33-019-ORD-1202,  de- 
scribed in  preceding  progress  reports 
and  in  the  preceding  pages  of  this  re- 
port, the  following  have  been  manufactured 
and  shipped  to  the  installations  indicated. 


Firestone's  Defense  Research  Division, 
in  shipping  these  items,  transfers  custody 
and  control  of  the  items  to  the  receiving 
agencies.  However,  personnel  of  De- 
fense Research  Division  will  continue 
to  collaborate  with  personnel  of  the  other 
installations . 


I.  Cartridges,  T119E11,  Metal  Parts  Assembly,  w/o  Fuze  T208E7 

Prior  to  August  1,  1953  7695  All  Shipments 

August  10,  1953  125  (Live)  Picatinr.y  Arsenal 

(For  Testing  T278  Fuze) 

August  20,  195  3 120  (Inert)  Picatinny  A r senal 

(For  Canadian  Army  Staff) 

August  24,  1953  50  (Inert)  Aberdeen  Proving  Ground 

(For  Charge  Development) 


Total  7980 

II.  Rifles,  T170E1  for  ONTOS 

Prior  to  July  1,  1953  30  Aberdeen  Proving  Ground 

July  24,  1953  6 

Aug.  10,  1953  6 " " " 


III. 


Mounts,  T173  and  T26  Tripod  for  ONTOS 

Prior  to  Aug.  1,  1953  1 

Aug.  4,  1953  3 


Allis  Chalmer:. 

t ; it 


IV.  BAT  Systems  less  Jeept  T170E1  (M40)  Rifle, 

T149E3  (M79)  Mounts 

Aberdeen  Proving  Ground 
Firestone 

Aberdeen  Proving  Ground 
Aberdeen  Proving  Ground 
Firestone 


Prior  to  July  1,  1953  5 

* July  13,  1953  1 

July  13,  1953  i 

July  31,  1953  3 

**  Aug.  12,  1953  1 


* For  firing  effort  (pistol  grip)  tests. 

**  For  ammunition  tests  at  Erie  Ordnance  Depot. 

In  addition  to  the  above  2 T170E1  rifles  were  sent  to  Aberdeen  Proving  Ground 
on  August  8,  1953  for  Ammunition  Acceptance  Tests. 
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NUMBERS 


INSTALLATION 


2-3 

4 

5 

6 

7 

8 


9-18  incl. 
19-20 
21 

22-23 


24 


Office,  Chief  of  Ordnc  nee 

ORDTS 

ORDTA 

-ORDTQ 

ORDTB 

ORDGU-Sb 

ORDTU 

ORD1M 

Arsenals 

Frankford 

Ficatinny 

Springfield  Arn'ory 
Redstone 

Ordnance  Distr  rts 

Cleveland 


Aberdeen  Proving  Ground 

25-26  Ballistics  Research  Labo.::;«j.  • 

27  Development  and  Proof  Services 


28-29 

30 

31 

32 

33-34 

35-36 

37 

38 

39 

40 

41 


Contractors 

Frigidaire  Div.  Gen.  Motors  Corp. 
Winchester  Repeating  Arm:  Co. 
Remington  Arms  Co. 

National  Forge  & Ordnance  Co. 
Midwest  Research  Institute 
Armour  Research  Foundation 
Carnegie  Institute  of  Technology 
Arthur  D.  Little  Co. 

The  Budd  Company 
Franklin  Institute 
Chamberlain  Corporation 


42 

43-44 

45-46 

47 


U.  S.  Navy 

Bureau  of  Navy  Ordnance 
Naval  Ordnance  Laboratory, 
White  Oak 

Naval  Ordnance  Test  Station, 
Jnyokern 

Naval  Proving  Ground,  Dahlgren 
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